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^ PREFACE 

The platform supporting our knowledge of liver diseases has 
become increasingly sturdy and durable. There is an abundance 
of new and amplified understandings about the pathogenesis, 
natural histories, and approaches to therapy in many diseases that 
affect the liver. With each advance another question appears and 
an additional approach is suggested. 

In the third edition of the Atlas of the Liver, the authors present 
(and evaluate) many crucial concepts regarding liver disease using 
photomicrographs, charts, and tables. The goal of the Atlas of the 
Liver is to augment comprehensive texts. Often, a well-chosen 
photomicrograph or a particularly persuasive diagram is memo- 
rable and therefore more helpful to the clinician. 

Interest in individual disorders or clusters of disorders affecting 
the liver can ebb and flow. Three decades ago, the spotlight was 
on bilirubin metabolism and early efforts to image the liver. In 
addition, innovations in clinical chemistry and liver biopsy inter- 
pretation led to broadening the base of what we now know about 
liver disease. Soon after came the era of recognition and character- 
ization of the several viruses that cause hepatitis. 

In the early part of the 21st century, we continue to solidify and 
expand our knowledge about chronic viral hepatitis. Therapeutic 
successes in the treatment of HIV infection coupled with advances 
in treatment of patients with chronic hepatitis B and chronic 
hepatitis C have been gratifying. However, more effective and 
well-tolerated treatments for chronic viral hepatitis are needed. 
The unraveling of the genomes of the viruses and the creation of 
drugs that interfere with the virus at many sites— from preventing 
viral entry into cells to disruption of replication — offer new hope. 
The search for an effective vaccine to prevent hepatitis C infection 
is underway, although thus far not successful. Institution of more 
widely implemented hepatitis B vaccination programs have 



gained worldwide support and have led to exceptional results in 
reducing hepatitis B and its sequelae in many countries. All these 
subjects are extensively and authoritatively covered in this edition. 

The next therapeutic frontier in liver diseases will likely 
(and hopefully) include the development of effective antifibrotic 
agents and the creation of drugs that more precisely regulate the 
activities of a variety of cytokines. Therapeutic approaches to 
reduce the risk of hepatic carcinoma may come in part from 
increased knowledge of ways to control angiogenesis. 

Liver transplantation is now a mainstay of treatment for end- 
stage liver disease. Many issues relate to the relative scarcity of 
organs and the increased pool of patients needing transplantation. 
Several of the approaches to providing hepatic support or replace- 
ment either temporarily or for longer duration are discussed. 

This edition includes full examinations of the many and 
varied liver diseases that clinicians confront, ranging from disor- 
ders in bilirubin and porphyrin metabolism to cirrhosis from 
alcohol, abscesses and tumors, hemochromatosis, 
and Wilson disease, to the challenges of managing the major 
complications of cirrhosis including bleeding promoted by portal 
hypertension, ascites, spontaneous bacterial peritonitis, and 
hepatic encephalopathy. 

Liver disorders related to obesity and hepatic injury induced 
by adverse reactions to therapeutic drugs and environmental 
agents are receiving increasing attention. Nonalcoholic fatty 
liver disease is recognized as a major health problem demanding 
our utmost attention. 

Although there is much left to learn, we are better prepared to 
create and implement advances. My thanks to the authors for 
creating a comprehensive and readable document that will help 
us progress toward future achievements. 



wniis C Maddrey, MD, MACP 
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Chapter 

1 



Bilirubin and Porphyrin 
Metabolism 



Bilirubin, which is the principal component of bile pigments, is 
the end product of the catabolism of the heme moiety of 
hemoglobin and other hemoproteins [1|. When bilirubin is 
produced in excessive amounts, or when hepatic excretion of 
bilirubin into bile is defective, the concentration of bilirubin in 
the blood and tissues increases. Jaundice is recognized if the 
accumulation of bilirubin in the sclerae and skin is of sufficient 
quantity to be visible. Generally this occurs when serum 
bilirubin levels exceed 3.0 mg/dL. 

After 1800 years, the following description of icterus (jaun- 
dice) cannot be improved: 

"If a distribution ofbile> either yellow, or like the yolk of an egg, 
or like saffron, or of a dark-green colour, takes place from the 
viscus, over the whole system, the affection is called Icterus..." 

From the extent works ofAreteeus, the Cappadocian (circa 200 A.D.) 

Because jaundice is caused by an abnormality in bilirubin 
metabolism, understanding the steps of bilirubin formation 
and excretion is helpful in defining the reason for jaundice in 
the ijidividual patient. After its formation by heme catabolism, 
bilirubin is transported from plasma to the intestine in discreet 
stages (2|. 'l’hese stages are 1) the uptake of bilirubin from 
plasma, where it is bound to albumin, by the hepaiocyie; 2) 
the conversion of bilirubin within the hepatocyte to a water- 
soluble compound by conjugation with glucuronic acid; 3) the 
transport of conjugated bilirubin across the bile canalicular 
membrane; and 4) the flow of bile through the biliary system 
into the intestine. 

Information regarding the individual steps of bilirubin 
metabolism has collected slowly over time. Perhaps one of the 
most important observations occurred during World War I 
when Hijmans van den Bergh et al. used the diazo reaction to 
demonstrate the presence of a direct- and indirect-reacting 
fraction of bilirubin in serum [2], The direct-reacting fraction 
was present in excess amounts when there was impaired bile 
formation or bile flow. In 1956 it was demonstrated that the 
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direct-reacting fraction is bilirubin conjugated with 
glucuronic acid [3], The mechanism by which bilirubin is 
formed from heme was characterized in 1968, when the 
enzyme responsible for this process, microsomal heme 
oxygenase, was described [4], Proteins that bind bilirubin 
within the hepatocyte cytosol were described in 1969 [5], 
although there remains uncertainty about their precise role 
in bilirubin transport in the hepatocyte. Instead, this may 
involve spontaneous diffusion through the aqueous phase 
between hepatocyte membranes [6], The uptake of bilirubin 
from plasma occurs, at least in part, by a carrier-mediated 
transport process [7], The mechanism by which conjugated 
bilimbin is transported across the canalicular membrane has 



been difficult to study for technical reasons. Recent informa- 
tion indicates that there is an ATP-dependent system 
involved in this process that has been named the multispecific 
organic anion transporter [8,9]. 

Although some features of hepatic bilirubin transport 
remain incompletely defined, it is clear that bilimbin conjuga- 
tion plays a critical role in the process. Thus, bilimbin metabo- 
lism can be divided into preconjugation and postconjugation 
phases, and an abnormality in bilirubin metabolism, which 
causes jaundice, can be classified as either unconjugated or 
conjugated hyperbilimbinemia. This classification is of help to 
the physician evaluating the patient with jaundice. 



I BILIRUBIN METABOLISM 




Figure 1-1. 



Formation of bilirubin from heme. Approximately 80% of the daily 
bilimbin production is derived from the catabolism of hemoglobin 
in senescent erythrocytes that are destroyed in the reticuloendothe- 
lial system. Another fraction results from the degradation of 
hepatic heme and hemoproteins, of which the cytochromes P-450 
are quantitatively the most important. Bilimbin production also 
occurs as a consequence of ineffective erythropoiesis and the 
degradation of myoglobin and other hemoproteins in the body. 
In the process of heme catabolism, heme dissociates from globin 
or other apoproteins, and the enzyme microsomal heme oxyge- 
nase catalyzes the cleavage of the tetrapyrrole ring at the a- 
methene bridge, causing the equimolar release of one molecule 
of iron and one molecule of carbon monoxide. Microsomal 
heme oxygenase is present in reticuloendothelial cells, 
macrophages, and hepatic parenchymal cells, the sites of bilimbin 
production. Biliverdin, a green pigment, is formed by this reac- 
tion. Biliverdin is subsequently reduced to bilirubin IX-a by the 
cytosolic enzyme biliverdin reductase, which is abundantly 
present in the cells where bilimbin is formed. NADPH — reduced 
nicotinamide-adenine-dinucleotide phosphate. 
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Figure 1-2^ 
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Structure of bilirubin IX-a (unconjugated bilirubin) in physiologic 
solution. The conventional linear tetrapyrrole structure of uncon- 
jugated bilirubin is shown in the upper portion of the figure. In its 
native confirmation, however, the molecule is folded upon itself 
because of hydrogen bonding between each of the propionic side 
chains and the CO and NH groups of the opposite half of the mole- 
cule. This bond holds the molecule in a rigid three-dimensional 
confirmation and causes it to be poorly soluble in aqueous solution 
at physiologic pH levels. 



Structure of bilirubin IX-a 





Figure 1-3* 



Pathway of bilirubin excretion. Because of 
its poor solubility in physiologic aqueous 
solution, unconjugated bilirubin circulates 
in the blood as a noncovalent complex with 
albumin. The pores in the hepatic sinusoids 
are sufficiently large so that the bilirubin- 
albumin complex readily diffuses to the 
plasma membrane of the hepatocyte as 
blood flows through the liver. It is there 
that unconjugated bilirubin dissociates 
from albumin and enters the cytosol. This 
occurs by facilitated transport. Within the 
hepatocyte cytosol, unconjugated 
bilirubin is bound to the protein ligandin 
(glutathione-S-transferase). The bilirubin 
molecule is subsequently conjugated with 
one or two molecules of glucuronic acid 
by the enzyme uridine diphosphate- 
glucuronyl transferase, which is located in 
the interior of the endoplasmic reticulum, 
and conjugated bilirubin is excreted across 
the canalicular membrane into bile. Con- 
jugated bilirubin remains largely intact 
during passage through the biliary tract 
and the small intestine, but it is degraded 
by colonic bacteria to a series of tetra- 
pyrroles that are collectively termed 
urobilinogen. These compounds partially 
account for the color of stool. A portion 
of urobilinogen is absorbed and excreted in 
bile; less than 2% is excreted in urine 
under normal circumstances. {Adapted 
from Bloomer [10].) 
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Figure 1 -4. 



Conjugation of bilirubin 



Unconjugated Conjugated 

(Water soluble) 




Conjugation of bilirubin. Bilirubin IX-a is conjugated with 
glucuronic acid at one or both of its propionic acid side chains. 
This conjugation of bilirubin significantly increases the water 
solubility of the molecule and allows it to be excreted in aqueous 
solutions, such as bile or urine. Bilirubin diglucuronide consti- 
tutes over 90% of the bilirubin conjugates in normal human 
bile. Another process that increases the water solubility of uncon- 
jugated bilirubin is photoisomerization, in which exposure of the 
molecule to light of wavelength 425 to 475 nm changes the 
configuration of the double bonds adjacent to the outer pyrrole 
rings. This effect of photoisomerization is the basis for the use of 
phototherapy in jaundiced infants to prevent kernicterus. UDP — 
uridine diphosphate. 



I MEASUREMENT OF BILIRUBIN IN SERUM 




Figure 1-5* 



Forms of bilimbin in serum. The bilirubin fractions in serum may 
be separated by high-performance liquid chromatography and 
measured by their absorbance (Abs) at 436 nm. In normal individ- 
uals serum bilirubin is almost exclusively in the form of unconju- 
gated bilirubin (UNCONJ). When hepatic bilirubin clearance is 
impaired, monoconjugated bilirubin (MONO) and diconjugated 
bilirubin (DI) may also be detected. A fourth fraction in which 
bilirubin is covalently bound to albumin (BIL-ALB) may also be 
detected when the hepatic excretion of conjugated bilirubin is 
impaired. The BIL-ALB fraction is not detected in normal individ- 
uals, neonates with physiologic jaundice, or in patients with uncon- 
jugated hyperbilirubinemia caused by hemolysis or Gilbert's 
syndrome. {Adapted from Weiss etal [11].) 



Table 1-1. 



TABLE 1-1. SERUM BILIRUBIN MEASUREMENT 



Form 


Reaction with Diazo reagents 


Bilirubin monoslucuronide 


Direct reactins 


Bilirubin dislucuronide 


Direct reactins 


Bilirubin-albumin covalent 


Direct reactins 


complex 




Unconjugated bilirubin 


Indirect reactins 



Total serum bilirubin direct-reactins fraction = indirect reactins fraction 



The most commonly used approach to quantitate serum bilirubin 
concentration is based on the van den Bergh reaction, in which bili- 
rubin and its conjugates are diazotized to form azo pigments, which 
are then measured spectrophotometrically. The violet color that devel- 
ops immediately when diazotized sulfanilic acid is added to semm is 
called the direct-reacting fraction of serum bilirubin. Bilimbin mono- 
glucuronide, bilimbin diglucuronide, and bilimbin covalently bound 
to albumin give a direct reaction. When alcohol or some other accel- 
erant is then added to the mixture, the color increases further because 
of the reaction of unconjugated bilimbin with diazotized sulfanilic 
acid. This method thus yields values for direct-reacting bilimbin and 
the total bilimbin concentration. The difference between the two is 
designated as the indirect-reaaing fraction of bilimbin and is equated 
with the unconjugated bilimbin concentration. 
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TABLE 1-2. JAUNDICE 



Unconjugated HypERBiLiRUiiNEMiA 

Increased bilirubin production 
Hemolysis 

Erythrocyte abnormality (es, hereditary spherocytosis, G-6-PD 
deficiency) 

Extracellular abnormality (e5, hypersplenism, immunohemolytic 
anemia) 

Ineffective erythropoiesis (05, thalassemias) 

Hematoma breakdown 
Decreased hepatic bilirubin clearance 
Neonatal hyperbilirubinemia 
Fasting 

Gilbert's syndrome 
Crigler-Najjar syndromes 



Conjugated hyperbilirubinemia 
I ntrahepatic disorder 

Hepatocellular disease of any cause (05, viral hepatitis) 
Cholestatic disease of any cause (05, primary biliary cirrhosis) 
Metabolic disorder 

Dubin-Johnson syndrome 
Rotor syndrome 

Benign recurrent intrahepatic cholestasis 
Cholestasis of pregnancy 
Extrahepatic disorder 

Biliary tract pathology (eg, tumor or stricture) 

Pancreatic pathology (eg, carcinoma) 



Table 1 -2. 



Classification of jaundice according to the serum bilirubin measure- 
ment. Jaundice may be detected clinically when the serum bilirubin 
concentration exceeds 2.0 to 3.0 mg/dL. In this situation the sepa- 
rate quantitation of the semm unconjugated bilimbin concentration 
(indirect-reacting fraction) and conjugated bilirubin concentration 
(direct-reacting fraction) can be used to classify jaundice into two 
general categories that direct further evaluation. Conjugated hyper- 
bilirubinemia is diagnosed when the direct-reacting fraction of 
serum bilirubin is increased. Because the diazo reaction does not 
precisely separate conjugated bilimbin from unconjugated bilimbin, 



some direct-reacting bilirubin will be measured even in normal 
individuals. Thus conjugated hyperbilirubinemia is present if the 
direct-reacting fraction of semm bilimbin exceeds 0.3 mg/dL when 
the total semm bilimbin level is below 2.0 mg/dL or is greater than 
15% of the total semm bilimbin concentration when the level exceeds 
2.0 mg/dL. Unconjugated hyperbilimbinemia is the diagnosis 
when the direct-reacting fraction of semm bilimbin is normal and the 
indirect-reacting fraction exceeds 1 mg/dL. The unconjugated bilimbin 
level may also be increased in disorders that cause conjugated hyper- 
bilimbinemia (eg, hemolysis from hypersplenism in cirrhosis). 




Plasma unconjugated bilirubin concentration, mg/f OO mL 



Figure 1 -6. 



Cumulative distribution curve for the plasma (semm) unconjugated 
bilimbin concentration in a normal population. Based on calcula- 
tions made from experimental measurements of plasma bilimbin 
turnover and hepatic bilimbin clearance using a lognormal function, 
99% of the normal population will have a serum unconjugated 
bilirubin concentration below 1 mg/dL. The dashed lines indicate 
the bilirubin concentrations corresponding to the 50th and 99th 
cumulative percentiles of the normal population. (Adapted from 
Bloomer et al [12].) 
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I UNCONJ UGATED HYPERBI LIRUBINEMIA 

Causes 



TABLE 1-3. EVALUATION OF HEMOLYSIS 
AS CAUSE OF UNCONJUGATED 
HYPERBILIRUBINEMIA 



General tests 


Specific tests 


Blood smear 


Hemoglobin 


Erythrocyte indices and 


electrophoresis 


reticulocyte count 


G-6-PD assay 


Haptoglobin level 


Coombs’ test 


Lactic dehydrogenase level 


Osmotic fragility test 


Bone marrow examination 


Ham's test 



Table 1 -3 



Hemolysis must be considered when evaluating the patient with 
unconjugated hyperbilirubinemia. Determining the erythrocyte 
indices and reticulocyte count, evaluating the peripheral blood 
smear, and measuring a haptoglobin level will usually determine if 
a hemolytic state is present. If the tests are positive, more specific 
studies are done to determine the cause of the hemolysis. If the 
studies are negative, the unconjugated hyperbilirubinemia is 
caused by impaired hepatic bilirubin clearance. When the serum 
unconjugated bilirubin concentration exceeds 3.5 mg/dL, hepatic 
bilirubin clearance is usually impaired irrespective of whether 
hemolysis is present or not. 



TABLE 1-4, UNCONJUGATED NEONATAL 
HyPERBILIRUBINEMIA 



Physiolosic neonatal hyperbilirubinemia 
Peak bilirubin level at day 5 

Level >10 ms/dL in 23% of infants caused by a combination of 
fuixtional immaturity in bilirubin clearance, increased bilirubin 
production, and intestinal absorption of unconjusated bilirubin 

Hyperbilirubinemia associated with breast feeding 
Peak bilirubin level at 10 to 20 days 
Inhibitor of bilirubin conjugation in maternal breast milk 
Transient familial neonatal hyperbilirubinemia 
Peak bilirubin level within 4 days 
May cause kernicterus 

Inhibitor of bilirubin conjugation in maternal serum 



Table 1 -4 



Unconjugated hyperbilirubinemia is a common phenomenon in 
the neonate; it is called physiologic jaundice of the newborn. The cause is 
multifactorial. In two uncommon conditions, the unconjugated 
bilimbin level may reach a much higher value in the neonate because 
of the presence of an inhibitor of bilirubin conjugation in breast 
milk or in maternal semm. Kemictems may occur in the latter situa- 
tion, and exchange transfusion and phototherapy may be necessary. 



TABLE 1 -5. CHARACTERISTICS OF GILBERT'S SYNDROME AND CRIGLER-NAJJAR SYNDROME 






Crigler-Najjar 


Crigler-Najjar 




Gilbert’s syndrome 


SYNDROME TYPE 1 


SYNDROME TYPE II (ARIAS) 


Serum bilirubin, mg/di 


Usually 1.0-50 


Usually >20 


Usually 10-20 


BiJirubin UDP-glucuronyl transferase (Biti UGT) 


50% of normal 


0 


10% of normal 


Bile bilirubin conjugates 








Monoglucuronide 


40% 


0 


95% 


Digfucuronide 


60% 


0 


5% 


Kernicterus 


No 


Yes 


Rare 


Inheritance 


Variable 


Autosomal recessive 


Autosomal recessive 


Mutations in Bill UGT gene 


Abnormality in promoter 


Heterogeneous defects in 


Heterogeneous defects in 




region common 


coding region 


coding region 


Response to phenobarbitol 


Yes 


No 


Yes 



Table 1-5 



Unconjugated hyperbilirubinemia is the principal biochemical 
abnormality in patients with Gilberfs and the Crigler-Najjar 
syndromes. Gilbert's syndrome is a common condition, estimated 
to occur in 5% to 10% of the population, in which mild unconju- 
gated hyperbilirubinemia results from a combination of dimin- 
ished hepatic uptake of unconjugated bilimbin and a deficiency in 
bilimbin conjugation. Prognosis is excellent. In the Crigler-Najjar 
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syndrome, however, the absence or marked deficiency of bilimbin 
UDP-glucuronyl transferase causes much higher levels of unconju- 
gated hyperbilimbinemia, and in type 1 is usually associated with 
death in infancy or early childhood from kemictems. Phenobarbital 
administration lowers the serum bilimbin level in both Gilbert's 
and type II Crigler-Najjar syndromes, but has no effect in type I 
Crigler-Najjar syndrome. UDP — uridine diphosphate. 



6 










Substitution here Amino acid Substitution here 



substrate specific 286 

1 1 


‘291 affects all UGT- rs 

1 


NH2- 1 2 


3 4 56 -COOH 


286-291 Amino acids 
Variable region 

1- Signal sequence 

2- Substrate {aglycone} 

A binding 


246 Amino acids 
Constant region 

3- Glycosylation sites 

4- UDP-GA binding 

5- Transmembrane 

6- Stop transfer 



B 




t t 



Phenol 

1&2 



Atlernative splicing of UDP-GA-transferase gene 



t 

UDP'^GA 



^ Bilirubin UGT-1 
m 

Bilirubin UGT-2 
* Phenol UGT 





T I 



Bilirubin 2 Bilirubin 1 

exon exon 



3 ’ 



Figure 1 - 7 * 



Schematic structure of UDP-glucuronyl transferase (UGT) peptides and messenger RNA 
(mRNA). A, All UGT peptides have the same amino acid sequence in the carboxy- 



terminal half of the molecule (regions 3 to 
6). Region 2 of the variable amino-terminal 
half of the peptide contains the aglycone 
substrate binding site, which is unique for 
each type of UGT B, The scheme of the 
super gene for the UGT family, with each 
box representing an exon and the 
connecting lines representing the inter- 
vening introns. The 6-kB downstream 
segment of the gene contains four 
conserved exons that code the constant 
carboxyl-terminal half of each UGT, 
including the UDP-glucuronic acid (UDP- 
GA) binding site. Mutations here cause 
abnormal function of all UGT in this 
subclass. The 104-kB upstream segment of 
the gene contains six exons, four of which 
code the unique regulatory aglycone- 
binding sites of one of the UGT in the 
subclass. The substrate specificity of each 
UGT is determined by translational 
splicing of the unique exon coding for that 
substrate binding region with the four 
constant downstream exons of the gene. 
Mutations in the upstream region usually 
affect conjugation only of the specific 
substrates of the UGT coded by the mutated 
gene. Mutations in the UGT gene are respon- 
sible for the unconjugated hyperbiliru- 
binemia that occurs in both Gilbert's and 
the Grigler-Najjar syndromes. UDP — 
uridine diphosphate. [Adapted from Tiribelli 
and Ostrow [13].) 




Figure 1 - 8 * 



Effect of reduced caloric intake on the semm bilimbin level in Gilbert's 
syndrome. Reduced caloric intake may cause a significant increase 
in the serum unconjugated bilirubin level in patients with Gilbert's 
syndrome. This increase also occurs, although to a lesser degree, in 
normal individuals. In this particular case, the diet on days 7 to 9 
was reduced in calories. Following refeeding, the serum bilirubin 
level rapidly returned to its prefasting level. The reciprocal relation- 
ship between caloric intake and the level of serum bilirubin is one 
reason for the fluctuation in semm bilimbin. The precise mechanism 
by which caloric intake affects the semm bilimbin level has not been 
defined. [Adapted from ¥e\sheretal [14].) 
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Figure 1 - 9 . 



Effect of phenobarbital administration on plasma bilirubin in 
Gilbert's syndrome. In this study, 13 patients with Gilbert's syn- 
drome were given 180 mg/d of phenobarbital for 2 weeks. In 
each case, the plasma bilimbin level fell significantly. This reduction 
was evident as early as 2 to 3 days after treatment was begun; this 
lowering was maintained as long as the medication was continued, 
Reduction in the plasma bilirubin level was associated with, and 
was thought to be the result of, an increase in hepatic bilirubin 
UDP-glucuronyl transferase activity. {Adapted from Black and 
Sherlock [15].) 




Figure 1 - 10 * 



Liver transplantation in the Crigler-Najjar 
syndrome. A neurologically normal 3 -year- 
old girl with type 1 Grigler-Najjar syndrome 
was successfully treated with orthotopic 
liver transplantation. Preoperatively, pheno- 
barbital therapy and phototherapy had not 
significantly lowered the serum bilirubin 
level. UDP-glucuronyl transferase activity 
in the patient's liver was not detectable. 
Following liver transplantation, the serum 
bilimbin concentration decreased to normal 
levels. Hours 0 and 6 indicate the start and 
completion of transplantation in this patient, 
respectively. Liver transplantation thus 
offers an effective method for treating this 
condition, which otherwise leads to death 
caused by kernicteric brain injury. {Adapted 
from Kaufman etal. [16].) 
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§ CONJUGATED HYPERBILIRUBINEMIA 

Evaluatioo 



TABLE 1-6. CAUSES OF CONJUGATED HYPERBILIRUBINEMIA 


BiLIARy OBSTRUCTION 


Parenchymal liver 

DISEASES/CHOLESTASfS 


Metabolic disorders 


Choledocholithiasis 
Malignancies 
Choledochal cyst 
Bile duct stricture 
Biliary atresia 


Viral hepatitis 
Alcoholic hepatitis 
Cirrhosis (any etiology) 
Sepsis 
Drugs 


Cholestatic jaundice of 
pregnancy 

Dubin- Johnson syndrome 
Rotor's syndrome 



Table 1 -6. 



The site of impairment that causes conjugated hyperbilirubinemia may be located variously 
from the hepatocyte to the distal common bile duct. Gallstones, carcinoma of the pancreas, 



and cholangiocarcinoma account for most 
cases of extrahepatic bile duct obstruction 
in adults, whereas biliary atresia is an 
important consideration in the jaundiced 
infant. Parenchymal liver diseases such as 
alcoholic hepatitis, primary biliary cirrhosis, 
and viral hepatitis, among others, cause 
jaundice by interfering with bile formation 
or bile flow in the small intrahepatic biliary 
ducts and ductules. Some cases of conju- 
gated hyperbilirubinemia result from 
metabolic disorders. Cholestasis of preg- 
nancy is a relatively common cause. Dubin- 
Johnson and Rotors syndrome are rarer 
disorders in which conjugated hyper- 
bilirubinemia is caused by a defect in the 
transport of conjugated bilirubin across 
the bile canalicular membrane. 



TABLE 1 -7. EVALUATION OF THE PATIENT WITH 
CONJUGATED HYPERBILIRUBINEMIA 


Essential for diagnosis 


Ancillary aids to confirm 
clinical suspicion 


Age of patient 


Liver/biliary ultrasound 


History 


a 


Physical examination 


Nuclear medicine imaging 


Liver chemistries 


ERCP/PTC 




Liver biopsy 



TABLE 1-8. 


BIOCHEMICAL PATTERNS IN LIVER 
DAMAGE 




Hepatocellular 

necrosis 


Cholestasis 


Transaminase 


8-200X* 


1-8x 


Alkaline 

phosphatase 


1-3x 


3-1 Ox 


* Times upper limit of nomidl 



Table 1-7. 



Evaluation of the jaundiced patient begins with a thorough clinical 
evaluation and routine liver chemistries. If conjugated hyperbiliru- 
binemia is present, the clinical differential between extrahepatic 
obstruction and an intrahepatic process can usually be narrowed 
based on the history, physical examination, and liver chemistries. 
Ancillary studies for further evaluation of the jaundice are based 
on the clinical suspicion. Ultrasonography is accurate for imaging 
the gallbladder and extrahepatic bile ducts and is the test of choice 
when such disorders are suspected. The liver parenchyma can also 
be evaluated for tumors, cysts, and altered parenchymal density 
caused by fat or fibrosis. Ultrasound has the additional advantage 
of being relatively inexpensive and readily available. CT is an 
excellent means of evaluating the hepatic parenchyma and better 
visualizes the pancreas than ultrasonography. Nuclear medicine 
imaging is helpful in suspected biliary atresia. Cholangiography 
is used for evaluating the biliary ducts. A cholangiogram can be 
obtained endoscopically through endoscopic retrograde cholan- 
giopancreatography (ERCP) or through a percutaneous transhep- 
atic cholangiogram (PTC). Therapeutic maneuvers to relieve 
biliary obstruction can often be done at the same time. Finally, 
liver biopsy in cases of suspected parenchymal disease may be the 
means to establish a diagnosis. 



Table 1 -8. 



Pattern of liver chemistry abnormalities in the differential diag- 
nosis of the jaundiced patient. The hepatocellular picture of 
injury implies that hepatocyte injury or death causes release 
of enzymes into the serum. High levels of serum transaminase 
over 1000 U/L occur in viral hepatitis, hepatic ischemia, drug 
hepatitis, and toxin exposure. Large increases in serum alkaline 
phosphatase with mildly elevated serum transaminases occur in 
disorders called cholestatic disorders. The high levels of alkaline 
phosphatase are caused by increased synthesis of the enzyme and 
regurgitation into the serum. However, some disorders may 
present with a mixed picture so that classification by this scheme 
is not always possible. 
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Causes 



TABLE 1 -9. ETIOLOGY OF JAUNDICE IN 
PREGNANCY 



First and second trimesters Third trimester 



Gallstones 
Viral hepatitis 
Alcoholic liver disease 
Cholestasis of pregnancy 
Hyperemesis gravidarum 



Cholestasis of pregnancy 

Preeclampsia 

HELLP syndrome 

Acute fatty liver 

Gallstones 

Viral hepatitis 



Table 1 - 9 . 



Jaundice during the first and second trimesters of pregnancy is 
often caused by the same illnesses to which a woman may be 
susceptible if she is not pregnant. Accordingly, viral hepatitis, 
alcoholic liver disease, and biliary obstruction account for most 
cases. Rarely, patients with hyperemesis gravidarum develop jaun- 
dice for unknown reasons. Cholestasis of pregnancy may 
present during the first or second trimesters, although it more typi- 
cally occurs in the third. A family history of jaundice or pruritus 
during pregnancy is present in up to 50% of patients. The etiology 
is believed to be estrogen mediated. Jaundice in the third trimester 
of pregnancy is more likely related to the pregnancy itself 
Preeclampsia, the HELLP (Hemolysis, Elevated Liver enzymes, and 
Low Platelets) syndrome, and fatty liver of pregnancy are parts of a 
spectrum of toxemic liver involvement. They must be identified 
promptly because delivery of the infant is usually indicated to 
resolve these potentially fatal problems. 




Figure 1 - 11 » 



Liver biopsy in the HELLP (Hemolysis, Elevated Liver enzymes, and 
Low Platelets) syndrome. Preeclampsia is characterized by hyper- 
tension, proteinuria, and edema. The addition of seizures defines 
eclampsia. Patients with preeclampsia or eclampsia have intense 
vasospasms that are thought to damage the vascular epithelium 
and result in platelet or fibrin deposition. Many women have mild 
liver involvement. The HELLP syndrome is a severe subset of this 
condition. Transaminases are usually in the range of 200 to 400 
U/L; the bilirubin is elevated. On liver histology, fibrin is 
deposited along the sinusoids, portal and periportal hemorrhage is 
present, and ischemic necrosis of hepatocytes is seen. If necrosis 
becomes confiuent, hematomas may form beneath the capsule and 
rupture spontaneously. Treatment is aimed at controlling the hyper- 
tension and assessing the fetal lung maturity. Immediate delivery 
of the infant is indicated if either mother or infant shows signs of 
deterioration. [From Klatskin and Conn [17]; with permission.) 




Figure 1 - 12 . 



Liver biopsy in fatty liver of pregnancy. Acute fatty liver of preg- 
nancy is a rare disorder of the third trimester in which the hepat- 
ocytes become infiltrated with microvesicular fat in a pattern 
similar to that seen in Reye's syndrome. The incidence is estimated at 
one in 13,000 deliveries and is more common in primigravidas. 

Liver histology reveals microvesicular fat in a centrilobular distribu- 
tion. The fat is primarily in the form of triglycerides and free fatty 
acids. Patients present with nausea, malaise, fatigue, and mild 
abdominal distress. Jaundice follows several weeks later. Renal 
dysfunction is a frequent complication. Prognosis is poor with 
maternal and fetal mortality rates at about 50%. Most authorities 
recommend prompt delivery of the infant once this entity is recog- 
nized because survival rates of both infant and mother are improved. 
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Inirahepatk bile ducts 



Common bile duct 



Figure 1-13* 



Ultrasonography in extrahepatic biliary destruction. Dilation of the 
ducts suggests obstruction distally. Gallstones commonly lodge at 
the narrowest point of the common bile duct near the ampulla of 
Vater. Carcinoma of the head of the pancreas causes obstmction 
because the distal common bile duct passes through the head of the 
panaeas. Unfortunately, technical considerations often prevent more 
specific information than that the bile duct is dilated. The air 



contained in the duodenum obscures visualization of the distal 
common bile duct and the pancreas. Even if a gallstone is present, 
ultrasound will detect it only about 10% of the time. Similarly, a 
mass in the head of the pancreas may be missed because of the over- 
lying bowel gas. A problem of greater concern is that a stone may be 
present in the common bile duct without dilation of the duct. If the 
clinical suspicion is high, a cholangiogram is warranted. 




Figure 1-14. 



Endoscopic retrograde cholangiopancreatography (ERCP) in 
extrahepatic biliary obstmction. ERCP is a technique for performing 
cholangiograms and pancreatograms using a side-viewing endo- 
scope specifically adapted for this procedure. A small cannula is 
advanced into the ampulla of Vater, contrast is injected, and fluoro- 
scopic images are recorded. Gallstones appear as radiolucent areas. 
Once stones are identified, an attempt is made to remove the 
stones by cutting the sphincter of Oddi and extracting the stones. 
ERCP with sphincterotomy and stone extraction may be sufficient 
therapy in elderly or frail patients with gallbladder in situ, because 
only 10% to 15% of patients develop biliary colic or cholecystitis 
after the procedure. In this photograph of a cholangiogram 
obtained at ERCP, tiny gallstones {arrows) are present in the 
gallbladder and the common bile duct. 
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Figure 1-15. 



Liver biopsy in alcoholic hepatitis. Alcoholic hepatitis is a common 
cause of jaundice in adults. Even if the patient denies alcohol con- 
sumption, it is suspicious if liver chemistries reveal moderate eleva- 
tions of the transaminases with an aspartate aminotransferase that is 
two or more times greater than the alanine aminotransferase. 
Coupled with an elevated y-glutamyl transpeptidase (GGT) level and 
an elevated erythrocyte mean corpuscular volume, alcohol is the prob- 
able cause. If the diagnosis remains in doubt, liver biopsy may be 



indicated. Alcoholic hepatitis has a characteristic, although not pathog- 
nomonic, appearance. Marked fatty infiltration is usually present. 
Ballooning degeneration of hepatocytes is seen with Mallory's 
hyaline often present in a centrilobular location (A). Mallory's 
hyaline is composed of intermediate filaments of the miaotubular 
apparatus. Polymorphonuclear cell infiltration often occurs in associa- 
tion, and fibrosis may be present. In the earliest stage, fibrosis 
begins around the central vein (central hyaline sclerosis) (B). 



TABLE 1-10. JAUNDICE REUTED TO DRUGS 


Hepatocellular 


Cholestatic 


Mixed 


PATTERM 


PATTERN 


PATTERN 


Isoniazid 


Chlorpromazine 


Sulfonamides 


Methyidopa 


Er/thromydn estolate 


Nitrofurantoins 


Acetaminophen 


Anabolic steroids 




Troglitazone 


Thiabendazole 




Diclofenac 


Imipramine 





Table 1-10. 



Medications being taken should always be reviewed when evalu- 
ating the jaundiced patient. This table provides some examples 
of medications that have caused jaundice. Careful inquiry into use 
of over-the-counter medications, health foods, and nontraditional 
remedies, such as folk medicines, is important. Components of 
herbal teas such as germander or comfrey have caused liver disease 
and jaundice in unsuspecting patients. If in doubt as to whether 
a medication, health food, or remedy is causing the jaundice, 
the best course is to stop the suspected medication and follow-up 
with the patient. Improvement in liver chemistries is usually 
seen in 1 to 2 weeks if the discontinued medication is the 
offending agent. 



TABLE M 1. ETIOLOGY OF JAUNDICE IN THE CRITICALLY ILL PATIENT 



Hepatocelluur Cholestatic Hyperbilirubinemia Mixed 

PATTERN PATTERN ONLY PATTERN 



Liver ischemia Parenteral nutrition Transfusion 

Hematoma 

Hemolysis 

Congestive heart failure Sepsis Sepsis 

Drugs Drugs Drugs 



Multiple 

coincidental 

factors 



Sepsis 

Drugs 



Table 1-11. 



The differential diagnosis of jaundice in the 
critically ill patient is different from that of a 
patient presenting to the clinic with jaun- 
dice as the primary complaint. History and 
physical examination are useful but most 
important is a careful review of the patient's 
hospital course. Particular attention should 
be directed to surgical procedures and the 
intraoperative course, episodes of hypoten- 
sion, sepsis, medications, transfusions, 
evidence of heart failure, and feeding route. 
Any of these factors, alone or in combina- 
tion, can cause jaundice. The jaundice is 
usually a marker of the severity of the 
underlying illness and not a sign of liver 
failure. Treatment is supportive, and if the 
patient recovers from the primary illness, 
the jaundice will clear. 
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Table 1 - 12 . 



TABLE 1-12. BILIRUBIN LOAD IN TRANSFUSIONS 
AND HEMATOMAS 



Transfusion 250 m3 bilirubin/U blood 

Hematoma 2500 m3 bilimbin/500 mL 



Under normal circumstances, the liver readily excretes the additional 
bilimbin load resulting from a blood transfusion or a hematoma. In 
a critically ill patient, poor perfusion of the liver, sepsis, medications, 
and other factors may impair the liver s ability to exaete excess bili- 
mbin. Approximately 10% of transfused erythrocytes are nonviable 
at the time of transfusion and will be destroyed quickly. The 
bilimbin produced from eiythroc 3 Tes in a hematoma may cause 
jaundice in the critically ill patient. 



TABLE 1-13. CHARACTERISTICS OF DUBIN-JOHNSON SYNDROME 
AND ROTOR’S SYNDROME 




Dubin-Johnson syndrome 


Rotor's syndrome 


Serum bilirubin (rng/dL) 


Usually 2.0-5. 0 


Usually 2.0-5.0 


Conjugated fraction 


>50% 


>50% 


Serum bile add level 


Normal 


Normal 


Liver appearance 


Black 


Normal 


Liver histology 


Normal except for dark pigment 
granules, predominantly in 
centrilobular distribution 


Normal 


Urinary coproporphyrin 


Normal or mild increase in total; 
isomer I > 80% 


Marked increase in total; 
isomer I < 80% 


Inheritance 


Autosomal recessive 


Autosomal recessive 



Table 1 - 13 . 



These disorders are associated with conjugated 
hyperbilimbinemia that is caused by abnor- 
malities in hepatocellular transport of conju- 
gated bilimbin into bile. The liver 
in both conditions is histologically normal 
except for the presence of dark pigmented 
granules in the hepatocytes of the patient with 
Dubin-Johnson syndrome, predominantly in 
centrilobular areas. The pigment is related to 
melanin. In Rotors syndrome, there is no 
pigment accumulation. Both conditions are 
benign, and therapy is not required. 




Figure 1 - 16 . 



Liver in the Dubin-Johnson syndrome. This illustration shows the 
black left lobe of the liver in a patient with the Dubin-Johnson 
syndrome. The surface of the liver is smooth. In the upper left of 
the figure are the ligamentum teres and the falciform ligament. 
{From Beck [18]; with permission.) 




Figure 1 - 17 . 



Liver histology in the Dubin-Johnson syndrome. The black appear- 
ance of the liver in the Dubin-Johnson syndrome is caused by the 
presence of dark pigment granules in hepatocytes, predominantly 
located in centilobular areas. The pigment is related to melanin. 
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Table 1 - 14 * 



TABLE 1 -14. PROGNOSTIC VALUE OF SERUM 
BILIRUBIN LEVEL 



Level indicating 
Condition poor prognosis 

Alcoholic cirrfiosis >3 rns/dL 

Fulminant hepatic failure >18 ms/dL 

Alcoholic hepatitis >20 mg/dL 



Prognostic value of the serum bilirubin level. In addition to its use 
in the evaluation and follow-up of patients with hepatobiliary 
disorders, the serum bilirubin level provides prognostic informa- 
tion in some disorders. The serum bilirubin level has been used 
for a long time in staging patients with alcoholic cirrhosis to 
predict surgical mortality [19]. Together with the prothrombin 
time, it has also been used to predict those patients with alcoholic 
hepatitis who may have a fatal outcome [20]. Similarly, it has 
been used in patients with fulminant hepatic failure [21]. The 
Mayo Clinic has developed a scoring system by which the serum 
bilirubin level and other factors can be entered into a formula that 
predicts the survival of patients with primary biliary cirrhosis and 
primary sclerosing cholangitis [22,23]. 




Figure 1 - 18 . 



The porphyrins and porphyrin precursors (8- 
aminolevulinic acid [ALA] and porpho- 
bilinogen [PBG]) are intermediates in the 
heme biosynthetic pathway. ALA is formed in 
the first step of the pathway, catalyzed by the 
enzyme ALA synthase, which is rate limiting 
in the liver. Two molecules of ALA are 
condensed to form PBG, and four molecules 
of PBG are then joined to form a tetrapyrrole. 
All porphyrins have the same tetrapyrrole 
ring stmaure, but differ in the composition 
of side groups (R1-R8) attached to the ring. 
The tetrapyrrole has its side groups decar- 
boxylated to form the 2-carboxylate 
compound protoporphyrin. In the final step 
of the pathway, iron is inserted into the 
protoporphyrin molecule to form heme. 
{Adapted from Bloomer and Brenner [24].) 
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Enzyme Type of porphyria 



ALA synthase 






ALA dehydrase 




ALA dehydrase deficiency 


Porphobilinogen deaminase 




Acute intermittent porphyria 


Uroporphyrinogen III 
synthase (cosynthase) 




Congenitai erythropoietic 
porphyria 


Uroporphyrinogen 

decarboxylase 




Porphyria cutanea tarda; 
hepatoeiythropoietic porphyria 


Coproporphyrinogen 

oxidase 




Hereditary coproporphyria 


Protoporphyrinogen i 

oxidase 




Variegate porphyria 


Ferrochelatase 




Protoporphyria 



Figure 1 - 19 * 



Porphyrias. The porphyrias are a group of metabolic disorders in 
which enzyme defects in the heme biosynthetic pathway cause 
biochemical abnormalities [24,25]. Each of the eight types of 
porphyria is associated with a characteristic pattern of abnormal 
accumulation and excretion of porphyrins or porphyrin precursors. 



For example, a deficiency of porphobilinogen (PEG) deaminase activity in 
acute intermittent porphyria causes excess accumulation and exaction of 8- 
aminolevulinic add (ALA) and PEG, whereas a defidency of ferrochelatase 
activity in erythropoietic protoporphyria causes excessive accumulation and 
exaction of protoporphyrin. [Adapted from Eloomer and Erenner [24].) 



I 







1 2 3 




Figure 1 - 20 . 



Assessment of the accumulation and excre- 
tion of porphyrins and porphyrin precursors 
used in the diagnosis of the porphyrias. A, 
Urine specimen from a patient with acute 
intermittent porphyria is shown before and 
after 24 hours of exposure to light and air. 
The urine becomes a dark purple color due 
to the conversion of porphobilinogen 
(PEG) to porphobilin and other pigmented 
compounds. B, The Watson Schwartz test is 
a screening procedure for detection of 
increased levels of PEG in urine. In test tube 
2, urine from a patient has been reacted 
with Erlich's reagent in an acidified solution 
to form a red compound. In test tube 3 the 
solution has been extracted with an organic 
solvent, leaving the pigment in the lower 
aqueous phase, indicating a positive test. C, 
Erythrocytes from a patient with erythropoi- 
etic protoporphyria have been extracted 
with organic solvent and show red fluores- 
cence when exposed to ultraviolet light. D, 
Liver biopsy specimen from a patient with 
porphyria cutanea tarda shows red fluores- 
cence in hepatocytes on fluorescence 
microscopy due to the presence of excessive 
amounts of uroporphyrin. 
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Glycine succinyl-CoA 






5-Aminolevulrnic acid 






Porphobilinogen 





Neurologic 

symptoms 






Uroporphyrinogen 






Co pro po rphy h nogen 



Protoporphyrinogen 






Protoporphyrin 



Heme 






Photocutaneous 

=[> tPorphyrins ^ symptoms 



Liver disease 



Figure 1-21. 



The clinical manifestations in the porphyrias are linked to the 
biochemical abnormalities. In those porphyrias that are termed 
acute (acute intermittent porphyria, variegate porphyria, hereditary 
coproporphyria, and 8-aminolevulinic acid [ALA] dehydrase defi- 
ciency), neuropsychiatric dysfunction is associated with the exces- 
sive accumulation of ALA and porphobilinogen (PEG). Symptoms 
include abdominal pain, tachycardia, hypertension, constipation, 
peripheral neuropathy, organic brain syndrome, and seizures. In 
those porphyrias in which there are photocutaneous symptoms 
and liver disease (porphyria cutanea tarda and erythropoietic 
protoporphyria), there is excessive accumulation of the porphyrins. 



Direct induction? 






Block in heme synthesis 



Other factor(s) 

{eg, increased heme 




Clinical neurologic 
manifestations 



Figure 1 -22. 



Proposed role of 8-aminolevulinic acid (ALA) in neuropsychiatric 
dysfunction in the acute porphyrias. The cause of neuropsychiatric 
dysfunction in the acute porphyrias has not been precisely 
defined, but a role for ALA has been proposed because this 
compound is increased in blood and urine during an acute 
porphyric attack. Another potential cause is a heme-deficient state, 
which can depress cellular respiration in nerve tissue or indirectly 
affect nerve tissue because of impaired hepatic metabolism. 

ATP — adenosine triphosphate. 




Figure 1 -23. 



Cutaneous lesions in the porphyrias. These lesions are caused by the 
photoactive properties of porphyrins, which are deposited in skin 
tissue or circulating in dermal blood vessels. When the skin is 
exposed to sunlight, the porphyrin molecule is elevated to a higher 
energy level that may cause the formation of active oxygen species, 
which damage skin tissue. [Adapted from Bloomer and Brenner [24].) 
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Figure 1 - 24 . 



Cutaneous lesions in a patient with 
porphyria cutanea tarda (A) and erythro- 
poietic protoporphyria (B). Erosions and 
bullous lesions in sun-exposed areas of 
patients with porphyria cutanea tarda are 
produced by minor trauma because of 
increased skin fragility. These lesions may 
heal with scarring, pigment changes, and 
formation of small white papules called 
milia. Patients with erythropoietic proto- 
porphyria experience acute photosensitivity 
after variable exposure to sunlight, which is 
characterized by burning or pain followed 
by the development of erythema and 
edema. Chronic skin changes, as shown 
here, are characterized by thickening and 
lichenification of skin over the dorsal 
aspects of the hands and bridge of the nose. 
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Acute Viral Hepatitis 



This chapter focuses on the subject of acute viral hepatitis, an 
area of continuing expansion of knowledge and change. Each 
of the five well-characterized agents of human viral hepatitis — 
hepatitis A, hepatitis B, hepatitis C, hepatitis D, and hepatitis 
E — is described in detail. The genomic structure of the nucleic 
acid of these agents, the epidemiologic features of infection, 
the serologic and virologic characteristics of each infection, 
and, where available, information on immunoprophylaxis are 
highlighted in this chapter. 



Raymond S. Koff 






TABLE 2-1. THE IDENTIFIED HUMAN HEPATITIS VIRUSES 



Feature 


HAV 


HBV 


HCV 


HDV 


HEV 


Family 


Picomavirus 


Hepadnavirus 


Flavivirus 


Satellite 


Unclassified 


Genome 


RNA 


DMA 


RNA 


RNA 


RNA 


Virion size, nm 


27 


42 


55 


35 


32 


Enveloped 


No 


HBsAg 


Yes 


HBsAg 


No 


Enteric transmission 


Yes 


No 


No 


No 


Yes 


Persistent infection 


No 


Yes 


Yes 


Yes 


No 


Chronic hepatitis 


No 


Yes 


Yes 


Yes 


No 



Table 2-1 ♦ 



Human hepatitis viruses. The five known agents of viral hepatitis 
belong to distinct, and unrelated, classes of viruses. Four of the five 
viruses (hepatitis A virus [HAV], hepatitis C virus [HCV], hepatitis 
D virus [HDV], and hepatitis E virus [HEV]) are RNA-containing 
viruses whereas the fifth virus, hepatitis B virus (HBV), is a DNA- 
containing agent. The two nonenveloped agents, HAV and HEV, are 



characteristically transmitted through enteric routes of spread, and 
neither is associated with persistent infection or chronic hepatitis. 
In contrast, the enveloped viruses (HBV, HDV, and HCV) are 
bloodborne pathogens that may lead to persistent infection and 
chronic hepatitis. HBsAg — hepatitis B surface antigen. 




Figure 2-1. 



Intensive sentinel surveillance for acute viral hepatitis in four US counties, begun in 1982 
by the Centers for Disease Control and Prevention, reveals that hepatitis A is the predomi- 
nant form of the acute disease, followed by hepatitis B and then hepatitis C. Neither hepa- 
titis D nor hepatitis E are shown because the number of cases is exceedingly low. The etio- 
logic agent or agents responsible for the acute hepatitis labeled non-A-E remains to be 
defined. {Adapted from Goldstein etal [1].) 




Figure 2-2« 



Reported and estimated acute hepatitis cases 
in the United States between 1980 and 2001. 
During this 22-year period, both the 
reported and estimated number of cases of 
acute hepatitis A, B, and C have declined. For 
hepatitis A (A), the decline began in the 
mid-1990s, whereas for hepatitis B (B), the 
decline began in the late 1980s. For hepatitis 
C (C), the reduction in reported and esti- 
mated cases was observed somewhat later. 

{continued on next page) 
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Figure 2-2* (continued) 



Because reporting is incomplete and 
asymptomatic infections are infrequently 
identified, the estimated number of cases is 
always higher than that actually reported. 
(Adapted from the Centers for Disease 
Control and Prevention, Division of Viral 
Hepatitis [2].) 
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§ SPECIFIC AGENTS AND DISORDERS 

Hepatitis A 

Virus 



kb 



PI 



P2 



P3 



VP4VP2 VP3 VP1 2A 2B 2C 3A3C, 



pro 



3D, 



pro 




Nontranslated 

region Capsid 
proteins 



Helicase (?) 



RNA 

polymerase 



VPg (3B) 

Genome-linked Protease 
protein (•) 

3' Nontranslated region 

Poly (A) track 



Figure 2-3. 



Hepatitis A virus (HAV). The HAV genome is 7.4-kb long. A 5' 
nontranslated region precedes the open reading frame that encodes 
a large polyprotein that is cleaved into capsid (structural) proteins 
(virion polypeptides [VP]), labeled VP4 to VPl, and nonstructural 
proteins (P), the P2 and P3 regions. It is believed that the HAV 
capsid contains 60 copies of VPl to VPS. VP4 has been difficult to 
demonstrate; it may be an internal VP. Among the nonstructural 
proteins are a protease, an RNA polymerase, and possibly a heli- 
case. A genome-linked protein, VPg (SB), has also been reported 
in the nonstructural area. At the S' end, a short nontranslated region 
is followed by a poly (A) track. [Adapted from Brown etal [S].) 



Serology 




Figure 2-4* 



Hepatitis A virus (HAV) serologic events. Fecal shedding of HAV is 
first seen during the latter half of the incubation period, before the 
development of histopathologic changes in the liver, and reaches 
a peak with the onset of symptoms and elevation of the alanine 
aminotransferase levels. Viral shedding declines rapidly thereafter 
and is often absent within a week after the onset of symptoms. 
Viremia is usually short-lived. Immunoglobulin M (IgM) anti- 
bodies to HAV appear concomitant with the onset of symptoms, 
reach peak levels within several weeks, and may disappear at S to 
6 months. In contrast, immunoglobulin G (IgG) antibodies to 
HAV, the neutralizing, protective antibody, reach peak levels 
during the convalescent phase and decline slowly over many 
decades. [Adapted from Brown et al [S].) 



Epidemiology 



30 d 



30 d 




1987 1987 1987 



Figure 2-5* 



Incubation period of hepatitis A virus. This very graphic demon- 
stration of the SO-day incubation period of hepatitis A is drawn 
from an analysis of the interval between hairy clam consumption 
and the onset of illness during an extraordinarily large outbreak in 
Shanghai in 1988. Over 290,000 cases were estimated to have 
occurred. [From Hu et al [4].) 
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Figure 2-6< 




Age. y 



Cases of hepatitis A virus (HAV) — proportion by age. Among report- 
ed cases of HAV in the United States for 1992, a bimodal age distribu- 
tion was observed with peaks in the 5- to 9-year-old group and in the 
20- to 29-year-old group. In earlier years, HAV was predominantly 
a disease of children younger than age 15. The evolution into a 
bimodal pattern with a predominance in the young adult age group 
suggests a changing prevalence of infection and susceptibility 
(Fig. 2-10). {Adapted from McQuillan et ^J/. [5].) 




Figure 2-7* 



Infection with hepatitis A vims (HAV) by age and socioeconomic 
level. The relationship of age and socioeconomic class to sero- 
prevalence of HAV infection was analyzed in Corpus Christi, Texas 
in 1967. In the randomly selected population studied, antibodies 
to HAV (anti-HAV) were present in 44% of the total group, a figure 
higher than the present estimate of 32% for a representative sample 
of the United States, as studied in 1988 to 1991. As anticipated, 
seroprevalence increased proportionately with increasing age and 
was lowest, within each age group, in the upper income groups. 
{Adapted from McQuillan etal. [5].) 



TABLE 2-2. RISK FACTORS IN HEPATITIS A 
TRANSMISSION 



No identified risk factors: 32% 
Identified risk factors; 68% 
Non-mutually exclusive categories 
Illicit drug use: 30% 

Close contact: 28% 

Child care related: 17% 
Homosexual/bisexual activity: 6% 
School outbreak: 3% 

International travel: 2% 

Raw shellfish: 2% 



Table 2-2. 



Reported risk factors in a community-wide outbreak of hepatitis A 
after intensive investigation. Risk factors in hepatitis A transmis- 
sion. Although earlier studies had suggested that approximately 
one half of patients with clinically recognized hepatitis A have no 
identified risk factors, this proportion can be reduced to about one 
third by intensive investigation. In this carefully studied commu- 
nity-wide outbreak, important identified risk factors included illicit 
dmg use, close contact with a suspected or confirmed case, and 
child care settings. Transmission from commercial restaurants was 
uncommon. {Adapted from Staes etal. [6].) 
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Immunoprophylaxis 
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Figure 2-8. 



Vaccine against hepatitis A virus (HAV). During a summer outbreak 
of HAV among children in a Hasidic Jewish community in upstate 
New York, a single dose of a formalin-inactivated HAV vaccine or 
a placebo was given to 1037 seronegative, healthy children (half 
received vaccine and half received placebo). As shown in this figure, 
during the first 20 days after vaccination, seven clinical cases of 
HAV occurred in the vaccinated group and three cases occurred in 
the placebo group. Thereafter, no clinical cases of HAV occurred in 
the vaccinated group. These observations indicate that an inactivated 
HAV vaccine is highly protective against clinically apparent HAV. 
[Adapted from Weizheigei et al [7].) 




Figure 2-9. 



Semm levels of antibodies against hepatitis A virus (HAV). Although 
the absolute level of antibodies to HAV necessary for protection 
from infection is not established, it seems probable that levels in 
excess of 10 to 20 mlU/mL, a range of values seen after injection 
of immune globulin, are protective. As shown here, antibodies to 
HAV levels reach very high levels following natural infection. Levels 
after administration of inactivated HAV vaccines are lower, but 
exceed by several-fold those reported to be induced by attenuated 
vaccine preparations. It is presumed that the higher the level of 
antibodies to HAV, the longer the duration of protection will be. 
[Adapted from Lemon and Stapleton [8].) 




Figure 2-1 0, 



Impact of declining hepatitis A infections. 
The seroprevalence of hepatitis A, as deter- 
mined by measuring antibodies to hepatitis 
A virus, was studied in the northern region 
of Spain from 1986 to 1987 and again in 
1992. A, Seroprevalence rates declined for 
each age group studied. B, As anticipated, 
reported cases of hepatitis A also fell in this 
geographic region. C, Most importantly, the 
mean age of patients with serologically 
confirmed hepatitis A rose from 15.5 to 
20.1 years. These observations indicate that 
in this region, as the infection rate declines, 
susceptibility increases and the age of 
infected patients also rises. Because 
increasing age at time of hepatitis A acqui- 
sition is associated with an increased 
frequency of symptomatic and clinically 
severe disease, it seems likely that 
morbidity will increase over time. [Adapted 
from Perez-Trallero etal. [9].) 
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Table 2-3. 



TABLE 2-3. IMMUNOPROPHYLAXIS OF HEPATITIS A: IMMUNE 
GLOBULIN VS INACTIVATED HAV VACCINE 



Feature Immune Globulin 



iNAaivATED HAV Vaccine 



Derived from blocd Ves 

Acquisition of anti-HAV Passive 

Preferred injection site Deltoid 

Peak anti'HAV level Low 



Pre-exposure efficacy 
Duration of protection 
Postexposure efficacy 

Cost 

Combined use 



Yes 

2 to 3 months 

Yes, if 3 fven within 2 weeks 
of exposure 

$ 

May be siven at separate deltoid sites 
for rapid induction of immunity 



No 

Active 

Deltoid 

Hish, approachins level in 
natural infection 

Yes 

> 10 to 30 years 
Possibly, but limited data 

$$$ 



Immune globulin, used for passive 
immunoprophylaxis of hepatitis A vims 
(HAV) infection for nearly 50 years, is a 
relatively inexpensive blood product that 
provides good pre-exposure proteaion and 
some postexposure protective efficacy if 
give early after exposure [10]. Unfortunately, 
peak antibodies to HAV (anti-HAV) levels 
are low and the passively acquired anti- 
bodies disappear and protection wanes 
after a few months. In contrast, the more 
costly two-dose inactivated HAV vaccine 
induces anti-HAV production, which may 
reach levels similar to those seen after 
natural infection. Pre-exposure protective 
efficacy is excellent [11] and, based on 
anti-HAV levels, it is likely that protection 
may last for years. Whether the inauivated 
HAV vaccine is effective in postexposure 
settings requires further study. 



Table 2-4* 



TABLE 2-4. CURRENT INDICATIONS FOR HEPATITIS A VACCINE ^ 

Current indications for hepatitis A vaccine. 

Travelers to countries with hish or intermediate hepatitis A endemic ity 

Children in communites with hish rates of hepatitis A or where periodic outbreaks occur 

Homosexual and bisexual men and adolescents 

Users of illicit injection druss 

Patients with chronic liver disease 

Patients with dottins disorders 

Individuals working with hepatitis A virus in research laboratories or working with infected 
nonhuman primates 

Foodhandlers and daycare center workers if immunization appears to be cost effective in 
the community involved 
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Virus 
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Figure 2-11. 



Genomic organization of hepatitis E vims (HEV). Although not 
shown here, this single-stranded, positive-sense, polyadenylated 
RNA molecule contains short 5' and 3' nontranslated regions. 
There are three overlapping open reading frames (ORFs). ORFl 
encodes the nonstmctural proteins required for replication and 
viral protein processing. These include a methyl transferase, 
cysteine protease, helicase, RNA-dependent RNA polymerase, and a 
proline hinge and Y and X domains of uncertain function. ORF2 
contains a signal peptide, three potential glycosylation sites, and 
encodes for the capsid protein. ORFS is thought to encode an 
intracellular protein that serves as a cytoskeleton anchor site. 
{Adapted from Aggarwal and Krawczynski [12].) 
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Serology 



Figure 2 - 12 . 



Serum viremia 

HEV antigen detectable in liver 

HEV particles detectable 



in patient s Stool 



-Acute- 



-Convalescent phase’ 



Clinical illness 




Months after HEV infection 



Serologic events during hepatitis E virus (HEV) infection. The acute 
and convalescent phases of infection are shown at the top of the 
diagram. The incubation period generally averages around 30 to 40 
days. Viral replication in the liver occurs during the latter half of 
the incubation period and HEV may be detected in bile and stool 
shortly thereafter. Viremia also begins in the late incubation 
period. Both IgM and IgG antibodies to HEV appear concomitantly 
with the rise in serum ALT levels, but the IgM antibodies decline 
more rapidly. [Adapted from Labrique etal [13].) 




Figure 2 - 13 . 



Global distribution of hepatitis E virus (HEV). The black areas hepatitis or where outbreaks have been serologically or virologi- 

represent regions in which HEV infection appears to be responsible cally documented. [Adapted from Aggarwal et al. [14].) 

for 25% or more of sporadic non-A, non-B, non-C, non-D 



Atlas of the Liver 



26 










Epidemiology 













20 - 


□ □ □ 






20 - 


■ ■ ■ □□ D 


19 - 


m n □ ■ HEV RNA present 






19 - 


B 1 □□ o ^ HEV RNA present 




□ HEV RNA absent 








□ HEV RNA absent 


18 ’ 


□ 

□ 

□ 

■ 






18 - 


□ 

□ 

n 

□ 

□ 


17 - 


□ 

□ 

□ 

■ 

■ 






17 - 


■ 

□ 

□ 

□ 

□ 


16 - 


m m u □ 






16 - 


o no □ n 


15 - 


n 

□ 

□ 

□ 

□ 

□ 

n 






15 ^ 


□ 

□ 

■ 

■ 

n 


14 - 


m 

m 

n 

□ 

□ 

□ 






14 - 


■ a □ □ 


13 - 


□ 

n 

□ 

□ 

□ 

■ 

■ 






13 - 


■ 

■ 

□ 

□ 

□ 


12 - 


■ « □ □ □ 






12 - 


■ 

□ 

□ 

□ 


cr 








c 




w 11“ 


□ 

□ 

□ 

□ 

■ 

■ 






U) 11” 


■ ■ □ □ 


1 10 - 


nnnn □□□□ 






1 10 - 


■ 

□ 

□ 

o 

o 


£ 9 - 


n 

□ 

□ 

□ 

□ 

□ 

□ 






1 9 - 


□□□□□□□ □ 


8 - 


■ 

□ 

n 

□ 

□ 






8 - 


■ □ □ □ 


7 - 


■ 

□ 

□ 

□ 






7 - 


■ o on □ 


6 - 


■ □□□ □ □□□ 






6 - 


■ □ on □ □ o 


5 “ 


\ m m □ □ □ 






5 - 


□ 

□ 

□ 

m 

m 


4 - 


□ ■□□□ □□□□□ 






4 - 


■ □ □□ □ □ 


3 - 


□ 

□ 

□ 

■ 

■ 






3 - 


■ □ □ 


2 ^ 


■ □ n o 






2 - 


□ 

□ 

□ 

□ 


1 - 


■□□□ □□□□ 






1 - 


□ 

□ 

□ 


n 












u 1 








1 1 1 1 1 1 1 1 1 


i 


) 14 28 42 56 70 84 98 112 126 






C 


> 14 28 42 56 70 84 98 112 126 


A 


Days since onset of symptoms 




B 


Days since onset of symptoms 



Figure 2 - 14 * 



Hepatitis E vims (HEV) shedding in stool (A) and period of circu- 
lating viremia (B) in acute hepatitis E. HEV particles may appear in 
bile and feces during the latter half of the 40-day incubation 
period and may also be present in the blood. The period of fecal 
shedding and duration of viremia in the acute disease is short- 
lived, as shown in these two charts. In A, the maximum duration 
of fecal shedding after the day of onset of the first symptom was 30 



days. The maximal duration of HEV in semm was 45 days. In 95% 
of studied patients, all stool and semm samples collected after 
semm levels of alanine aminotransferase had returned to normal 
were negative for HEV. These observations suggest that patients 
who have recovered from HEV are unlikely to be a source of infec- 
tion. {Adapted from Aggarwal et al [14].) 



Hepatitis B 

Virus 




Figure 2 - 15 * 



Hepatitis B vims (HBV) particles. This schematic diagram shows 
the 42-nm HBV particle, tubular filaments, and spherical particles 
composed of the HBV envelope proteins, which also appear in the 
circulation of HBV-infected individuals. The envelope of intact 
HBV contains the so-called small (SHBs), middle-sized (MHBs), 
and large (LHBs) envelope proteins (hepatitis B surface antigen 
[HBsAg]). Although the filaments contain similar proportions of 
these proteins, the spheres contain less of the large protein. The 
small protein of HBsAg is specified by the S gene, the middle 
protein by S and Pre-S2, and the large protein by S, Pre-Sl, and 
Pre-S2. The S, Pre-2, and Pre-Sl domains are shown on the LHBs 
of the HBV particle. The 3.2-kb DNA, HBV DNA polymerase 
(pol), and a primase protein (pr) are shown within the capsid 
(HBc). {Adapted from Gerlich [15].) 
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Figure 2 - 16 * 
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Hepatitis B virus (HBV) open reading frames (ORF). In this diagram, 
the four overlapping HBV ORFs have been presented in a linear 
rendition; the genome is usually depicted in a circular model. The 
Pre-S and S ORFs encode the hepatitis B surface antigen proteins, 
the X ORF encodes a protein that is a transcriptional transactivator, 
the P ORF encodes the DNA polymerase and primase, and the Pre- 
C and C ORFs encode hepatitis B core antigen and hepatitis B e 
antigen. The direct repeat sequences, DR-1 and DR-2, are also 
shown. {Adapted from Yoffe and Noonan [16].) 
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Figure 2 - 17 * 



Precore (Pre-c) and core (C) messenger 
RNA (mRNA) transcripts, open reading 
frames, and products. This schematic 
diagram illustrates the production of hepa- 
titis B core antigen (HBeAg) and hepatitis B 
e antigen (HBeAg). The HBeAg is used in 
the production of hepatitis B vims (HBV) 
nucleocapsid particles. Part of the signal 
sequence on the precore protein is cleft off 
to form HBeAg intermediates, which are 
further processed by proteolytic cleavage to 
form the secreted, nonparticulate HBeAg 
proteins. HBeAg is an imperfect marker of 
active HBV replication; in HBV precore 
mutant strains, replication may occur in the 
absence of detectable HBeAg. HBe — hepa- 
titis B e. {Adapted from Miska and Will [17].) 
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Figure 2 - 18 . 



The hepatitis B vims (HBV) life cycle. HBV is thought to enter the 
hepatocyte via an incompletely understood receptor-mediated 
binding process. The virion is then uncoated and the capsid is 
transported to the nucleus. In the nucleus, the capsid is disassem- 
bled, and the open circular HBV DNA is released. The second 
strand is completed, and the strand ends are ligated, resulting in 
the production of covalently closed circular DNA (cccDNA), which 
serves as the template for transcription of the vims into viral RNAs, 
which are transported to the cytoplasm. Translation of the 
messenger RNA (mRNA) results in the production of the precore, 
envelope proteins, and the core protein. The precore protein is 
transported to the endoplasmic reticulum (ER) where it is later 
secreted, after processing, as the nonparticulate hepatitis B e 
antigen (HBeAg). The envelope proteins act as integral membrane 
proteins on the ER and will surround the capsids, leading to the 
formation of virions that can be secreted. The capsids are the result 
of the assembly of core and polymerase proteins around the prege- 
nomic RNA (pRNA). This RNA molecule is reverse-transcribed to 
form the first strand of viral DNA. This strand then serves as a 
template for synthesis of the second DNA strand. The capsids are 
transported to the ER for production of intact virions or to the 
nucleus to expand the nuclear pool of cccDNA. {Adapted from 
Chisari [18].) 
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Hepatitis B mutants 



Figure 2-19. 
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Hepatitis B e antigen (HBeAg)-negative mutant hepatitis B virus 
(HBV). The emergence of the HBeAg-negative (precore) mutant 
is shown here schematically. After years of active replication of 
the wild-type HBV, with the presence of HBeAg and mild chronic 
hepatitis, the precore mutant emerges and may dominate the 
natural history of HBV infection. HBeAg is lost, antibodies to 
HBeAg (Anti-HBe) become detectable, mutant HBV replication 
continues, and the sequelae of cirrhosis and hepatocellular carci- 
noma may become evident. {Adapted from Carmen et al [19].) 



Natural history 



Figure 2-20. 



Natural history of hepatitis B virus (HBV) 
infection. The natural history of HBV infec- 
tion in individuals who acquire infection 
early in life, in the absence of immunopro- 
phylaxis, is depicted in this schematic. 
During the early period after HBV acquisi- 
tion, replication is high, hepatitis B e 
antigen (HBeAg) is present, and liver 
histology may be normal or show mild 
chronic hepatitis. Antiviral therapy at this 
point may alter the natural history of the 
disease. In its absence, over a period of 
time, HBV replication may diminish, 

HBeAg may disappear, and hepatic inflam- 
mation may increase. Eventually, HBV DNA 
genomic or subgenomic integration into the 
host hepatocyte may occur. Over many 
years, especially in patients who develop 
cirrhosis, hepatocellular carcinoma 
(HCC) may develop. AC — active cirrhosis; 
anti-HBe — antibodies to HBeAg; CAH — 
chronic active hepatitis; CPH — chronic 
persistent hepatitis; LH — lobular hepatitis; 
NSRH — nonspecific reactive hepatitis. 
{Adapted from Chen [20].) 
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Serology 



TABLE 2-5. INTERPRETATION OF SEROLOGIC TEST RESULTS FOR HEPATITIS B VIRUS INFECTION 



Serologic Markers Interpretation 



HBsAg* 


Total Anti-HBc 


IgM Anti-HBc 


Anti-HBs 




- 


- 


- 


- 


Susceptible, never infected 


+ 


- 


- 


- 


Acute infection, early incubation 


+ 


+ 


+ 


- 


Acute infection 


- 


+ 


+ 


- 


Acute resolving infection 


- 


+ 


- 


+ 


Past infection, recovered, and immune 


+ 


+ 


- 


- 


Chronic infection 










False positive (/e, susceptible), past 

infection, or "low- level" chronic 
infection 


- 


- 


- 


+ 


Immune if titer is > 10 m lU/mL 



*Tf3nsient HBsAs positivity (fasttns ^ 18 d) might be detected in some patients during vaccination. 



Table 2-5. 



Interpretation of serologic tests for hepatitis B virus (HBV) infec- 
tion. As shown in this table, the serologic diagnosis of acute or 
recently acquired hepatitis B is dependent on the detection of IgM 
antibody to hepatitis B core antigen (anti-HBc), usually but not 
invariably accompanied by the presence of hepatitis B surface 
antigen (HBsAg). HBsAg may be detected in the absence of anti- 
HBc very early in infection and in a minority of patients for as long 
as 18 days after receipt of HBV vaccine. The detection of HBsAg and 
total anti-HBc without IgM anti-HBc is indicative of chronic infec- 
tion. The presence of both total anti-HBc and antibody to hepatitis 
B surface antigen (anti-HBs) reflect previous infection with immu- 
nity. Detection of anti-HBc only may be a false-positive reaction, 
may reflect failure to develop anti-HBs following infection, or less 



often is consistent with a low-level carrier state. The response to 
HBV vaccine is the induction of anti-HBs. Levels above 10 mlU/mL 
are thought to be seroprotective. Another antigen-antibody system, 
namely hepatitis B e antigen (HBeAg) and antibody to hepatitis B e 
antigen (anti-HBe), is used in monitoring the response to antiviral 
therapy in chronic hepatitis B. In general the presence of HBeAg is 
correlated with ongoing viral replication but the correlation is 
imperfect because many patients who are chronically infected and 
actively replicating HBV may be HBeAg-negative. Some of these 
have the "pre-core" HBV mutant in which HBeAg production is 
impaired. [Adapted from Centers for Disease Control and 
Prevention [21] .) 
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Figure 2 - 21 . 



Hepatitis B virus (HBV) worldwide. Chronic HBV infection is 
believed to affect nearly 300 million people throughout the world. 
The prevalence of the hepatitis B surface antigen carrier state varies 
widely from area to area and even within the same country. None- 
theless, very high carrier rates have been identified in sub-Saharan 



Africa, in Southeast Asia, and in China. In addition to persistent 
infection, a very large proportion of the population of these regions has 
been exposed to HBV and infected by this virus. However, in contrast to the 
carriers, these individuals have successfully cleared the virus and resolved 
the infection. {Adapted from Hamilton and Cross [22].) 



TABLE 2-6. 


HEPATITIS B VIRUS GENOTYPES AND SEROTYPES: 
GEOGRAPHIC DISTRIBUTION 


Genotype 


Serotype 


Areas of Predominance 


A 


adw2, aywl 


Northwestern Europe, USA, Central Africa 


6 


adw2, aywl 


Taiwan, Japan, Indonesia, China, Vietnam 


C 


adv^, adrq+, adrq-, ayr 


East Asia, Taiwan, Korea, China, Japan, 
Polynesia, Vietnam 


D 


ayw2, ayw3 


Mediterranean area, India 


E 


ayw4 


West Africa 


F 


adw4q-, adw2, ayw4 


Central and South America, Polynesia 


G 


adw2 


France, USA 


7 


ayr 


Borneo 



Table 2 - 6 . 



Hepatitis B virus (HBV) genotypes and 
serotypes: geographic distribution. At least 
seven HBV genotypes (labeled A though G) 
are recognized by divergence of more than 
8% in the entire HBV genomic sequence. 
Furthermore, based on antigenic determi- 
nants of hepatitis B surface antigen 
(HBsAg), there are four major HBsAg sero- 
logic subtypes (labeled adw, ayw, adr, and 
ayr) and nine minor subtypes. The genomes 
encoding adw are present in genotypes A, B, 
C, F, and G. The geographic distribution of 
the genotypes and serotypes shown in this 
table may be related to modes of transmis- 
sion and differences in disease severity and 
clinical outcome, and response to antiviral 
therapy may exist between genotypes. 
{Adapted from Kao and Chen [23].) 
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Figure 2-22. 



Transfusions or dialysis, 




Risk factors for infection with hepatitis B virus (HBV). This 
diagram depicts an analysis of risk factors (sources of exposure) 
associated with HBV in cases reported in four sentinel counties of 
the United States in 1992. The importance of sexual activity as a 
probable source of infection is reflected in the very large propor- 
tion of cases in which patients had heterosexual contact with acute 
cases, HBV carriers, and multiple sex partners. Homosexual activity 
was reported in 7% of cases and intravenous drug use in 11%. A 
small percentage of patients reported blood transfusion, dialysis, 
healthcare employment, or nonsexual household contact with 
known HBV cases. In 30% of cases, however, no known risk factors 
could be identified. {Adapted from McQuillan et al [5].) 




Figure 2-23. 



Incidence of acute hepatitis B in the United States between 1982 and 
1998. During this 17-year period, the incidence of acute hepatitis B 
peaked in 1987 in the Sentinel Counties Study and a year or two 
earlier in the National Notifiable Diseases Surveillance System. Most 
of the subsequent decline occurred between 1987 and 1993. It was 
observed in all age groups, in men as well as women, and in all three 
racial and ethnic groups, ie, whites, blacks, and Hispanics. The largest 
declines were seen in persons aged 10 to 29 years. However, 
throughout the 17-year period, blacks and Hispanics had higher 
incidence rates than whites. {Adapted from Goldstein et al [1].) 




Figure 



Hepatitis B (HBV) and C viruses (HCV) in intravenous drug users. 
Intravenous drug users who share equipment are at high risk for 
both HBV and HCV. One of the risk factors in the acquisition of 
these infections is duration of behavior involving intravenous dmg 
use. In the results of this Australian study, the seroprevalence of 
markers of HBV infection (hepatitis B surface antigen or antibodies 
to hepatitis B core antigen) and HCV infection (antibodies to HCV) 
increased with increasing months of intravenous drug use. As shown, 
after 8 years of drug use, all study subjects had markers for both 
infections. These observations indicate the high efficiency of trans- 
mission of these agents by sharing intravenous injection equipment. 
{Adapted from Bell et al [24].) 
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Table 2-7 



TABLE 2-7. CURRENT INDICATIONS FOR HEPATITIS 
B VACCINE 



HBV VACCINE ALONE 

Universal infant immunization (recommended shortly after 
birth) for infants of HBsAs-nesative mothers 

Catch-up vaccination of adolescents through 19 years of age 
(if not previously vaccinated) 

Targeted high-risk groups 
Household and spouse contacts of HBV carriers 
Alaskan natives, Pacific Islanders 

Health care and other workers exposed to blood (includes 
first-responders) 

Injecting drug users 

Homosexual and bisexual men and adolescents 

Individuals with multiple sexual partners 

Workers in institutions for the developmental ly disadvantaged 

Recipients of high-risk blood products 

Maintenance hemodialysis patients 

Inmates of prisons (in which injecting drug use and 
homosexual behavior may occur) 

Individuals with pre-existing liver disease (^, chronic hepatitis C) 



TABLE 2-8. INDICATIONS FOR HEPATITIS B VIRUS 
POSTEXPOSURE PROPHYLAXIS 



HBV VACCINE AND HEPATITIS B IMMUNE GLOBULIN 

Neonates of HBsAg-positive mothers identified during 
pregnancy (both given within 12 h of birth) 

Susceptible sexual contacts of acutely HBV-infected individuals 

Unvaccinated, susceptible Individuals exposed to 
HBV-positive blood or body fluids 



Table 2-8. 



United States Public Health Service recommendations for postex- 
posure prophylaxis following exposure to hepatitis B virus (HBV) 
in health care workers. As shown in this table, the management of 
individuals exposed to blood or body fluids via percutaneous or 
permucosal exposure is dependent on hepatitis B surface antigen 
status of the source, and the vaccination history and anti-HBs 
status of the exposed individual. When indicated, HBV vaccine or 
hepatitis B immune globulin (HBIG) should be given as soon as 
possible after exposure, ideally within 24 hours. HBIG given more 
than 7 days after exposure may or may not be effective. {Adapted 
from Genters for Disease Gontrol and Prevention [25].) 



Gurrent indications for hepatitis B vaccine. HBsAg — hepatitis B 
surface antigen; HBV — hepatitis B virus. 




Figure 2-25« 



Hepatitis B virus (HBV) infection in Taiwanese children and 
adolescents younger than 15 years of age following universal HBV 
immunization. In the 1980s the HBV carrier rate in Taiwan was 
recognized to be high, approaching 15% to 20% in the general 
population. A national program of infant HBV immunization was 
begun in Taiwan in mid- 19 84 and progressively extended to 
preschool children, school-aged children, adolescents, and later to 
adults. As shown in this figure, in those less than 15 years of age, 
the HBV carrier rate (as reflected in the prevalence of hepatitis B 
surface antigen [HBsAg]), and the prevalence of infection (as deter- 
mined by the presence of anti-hepatitis B core antigen [HBc]) both 
fell dramatically during the 15 years since the program began. 
Although not shown here, the incidence of both HBV-related hepa- 
tocellular carcinoma in children and fatal acute liver failure in 
infants has also declined since implementation of the immuniza- 
tion program. {Adapted from Ni et at. [26] and Chen et al [27].) 
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Figure 2 - 26 . 



Hepatitis D virus (HDV) genome. The HDV genome and antige- 
nomic-sense HDV RNA are shown schematically in this figure. The 
antigenome is a genome-complementary, circular RNA molecule 
found in purified HDV particles and in larger quantities in HDV- 
infected hepatocytes. Both the genome of HDV and the antigenome 
contain self-cleavage sites. In the former, it is represented by a closed 
circle in the diagram. In the antigenome, the self-cleavage site is 
indicated by the open circle. The open reading frame coding for the 
HDV (delta) antigen has been identified on the antigenome. The 
smaller form of the HDV antigen is encoded by the region between 
nucleotides 1598 to 1010, whereas the large form extends to 
nucleotide 953. [Adapted from Polish et al [28].) 



Epidemiology and natural history 




Figure 2 - 27 . 



Worldwide prevalence of hepatitis D virus (HDV). The prevalence 
of HDV infection varies greatly throughout the globe and may also 
vary enormously in different regions of the same country. Low 
prevalence rates have been identified in Southeast Asia and China. 



In contrast, foci of high antibodies to HDV prevalence have been 
found in several islands in the Pacific Ocean, in the Amazon basin 
and western Venezuela, in some parts of Central Africa, and in 
some sections of Eastern Europe. [Adapted from Polish et al. [28].) 
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Figure 2-28. 




Coinfection of hepatitis D (HDV) and hepatitis B (HBV) viruses. 
In HDV coinfection with HBV, serum HDV antigen (HDAg) may 
be detected shortly after or concurrently with the detection of 
hepatitis B surface antigen (HBsAg). HDAg disappears before or 
concomitantly with the disappearance of HBsAg. Seroconversion 
to immunoglobulin M (IgM) antibodies to HDV (anti-HDV) 
follows the disappearance of HDAg. Immunoglobulin G (IgG) 
anti-HDV may appear shortly after the IgM antibody. Both 
IgM and IgG anti-HDV often disappear during convalescence. 
Occasionally the latter persists in declining titer for many months 
and may remain detectable for as long as 1 to 2 years. In a small 
number of patients with coinfection, the only detectable markers 
of HDV infection may be the early and transient appearance of 
isolated IgM anti-HDV or the detection, during convalescence, 
of isolated IgG anti-HDV. ALT — alanine aminotransferase; 
Anti-HBs— antibodies to HBsAg. [Adapted from Polish et al [28].) 




Figure 2-29. 



Superinfection by hepatitis D virus (HDV). As shown in this 
schematic illustration of the serologic events in HDV superinfection 
of hepatitis B virus (HBV) (hepatitis B surface antigen [HBsAg]) 
carriers, a reduction in HBV replication is a regular feature of super- 
infection and leads to a diminution in the titer of circulating HBsAg 
or transient HBsAg nondetectability. Actual termination of the 
carrier state is an uncommon consequence of suppression of HBV 
replication by HDV. In contrast, in many instances, HDV infection 
becomes chronic, hepatitis D antigen (HDAg) remains detectable 
in the liver and occasionally in serum, and HBsAg levels return to 
pre-HDV infection levels. High titers of antibodies to HDV (anti- 
HDV) are maintained in persistent HDV infection; the decline in 
immunoglobulin M (IgM) anti-HDV level is very variable. ALT — 
alanine aminotransferase. [Adapted from Polish et al [28].) 
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Figure 2-30. 



Sequelae of hepatitis D virus (HDV). In general, the sequelae of 
HDV infection are more serious when superinfection of the host 
with persistent hepatitis B virus (HBV) infection occurs. As shown 
in the upper panel, superinfection is associated with a risk of 
chronic hepatitis in 10% to 40% of patients; acute liver failure 
(fulminant) disease is seen in 7% to 10%. In contrast, as shown in 
the lower panel, HDV and HBV coinfections are less often associated 
with grave outcomes. Only 6% to 7% coinfections lead to chronic 
hepatitis and only 2% to 4% end with acute liver failure. [Adapted 
from Gonjeevaram and Di Bisceglie [29].) 
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Figure 2 - 31 . 
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Hepatitis C virus (HCV) genomic organization and structural and 
nonstructural protein products. HCV is a glycoprotein-enveloped, 
single-stranded RNA-containing agent that has been classified in the 
Hepacivirus genus within the Flaviviridae family. The RNA genome 
is approximately 9600 nucleotides in length. It is composed of a 5' 
noncoding region (5' NCR), a polyprotein precursor encoded by a 
long open reading frame, and a 3' noncoding region (3' NCR). The 
polyprotein (with about 3000 amino acids) is cleaved by signal 
peptidases of the endoplasmic reticulum, shown here by the solid 
diamonds at the cleavage sites. Further processing of the core (C) 
protein is shown by the open diamond. The arrows mark the sites of 
cleavages of the nonstructural proteins by the NS2-3 autoprotease 
and NS3 serine protease. Above each protein, the amino acid posi- 
tions are shown. The terminal portion of NS3 contains an RNA 
helicase. The RNA-dependent RNA polymerase has been localized 
to the NS5B protein. [Adapted from Moradpour et al [30].) 
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Figure 2-32 




Sequence of serologic events in acute hepatitis C virus (HCV) 
infection. HCV RNA in liver and in serum appear to be the earliest 
markers of acute HCV infection, preceding the development of semm 
alanine aminotransferase (ALT) elevations, symptoms, or the appear- 
ance of antibodies to HCV (anti-HCV). Some evidence exists that HCV 
RNA may persist for decades even if biochemical resolution of hepatitis 
occurs. Anti-C22-3 and anti-C33c may be the first anti-HCV anti- 
bodies to appear in HCV infection. Anti-NS5 appears somewhat later, 
whereas anti-C 100-3 appears to be the last antibody to be detected 
in acute, self-limited infection. Limited data suggest that the titers 
of anti-C33c, anti-NS5, and anti-ClOO-3 may decline, although 
levels of anti-C22-3 may be maintained for a considerably longer 
period. [Adapted from Koff [31].) 




Figure 2-33* 



Sequence of serologic events in chronic hepatitis C virus (HCV). 

As shown in this diagram of the serologic and biochemical 
events in chronic hepatitis associated with HCV, HCV RNA is 
detected consistently throughout the course of infection. HCV repli- 
cation may be increased in advanced liver disease and may play a 
role in progression of disease. The second-generation assays for anti- 
bodies to HCV (anti-HCV) (detecting antibodies to three or four 
HCV recombinant proteins) remain positive in affected patients 
for years. In a small number of patients, anti-HCV levels may 
decline spontaneously or after treatment. Fluctuations in the 
semm levels of alanine aminotransferase appear to be a characteristic 
feature of chronic hepatitis caused by HCV and may reflect waves of 
hepatocellular inflammation and necrosis. The emergence of HCV 
neutralization escape mutants may be responsible but other ill- 
defined mechanisms also may play a role in these intermittent 
elevations of aminotransferase levels. [Adapted from Koff [31].) 
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Figure 2-34. 
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Hepatitis C vims (HCV) cross-challenges in 
chimpanzees. These are the findings of 
multiple aoss-challenge studies undertaken in 
chimpanzees inoculated with different HCV 
strains over a period of years. Arrows indicate 
the time of challenge with the strain of HCV 
indicated by the letter above the arrow. HCV 
RNA was measured by polymerase chain reac- 
tion, and both first- and second-generation 
assays for antibodies to HCV (anti-HCV) were 
measured. All animals developed acute hepa- 
titis following the first challenge and serocon- 
verted as measured by first- or second-genera- 
tion assays for anti-HCV. HCV viremia was 
transient in four chimpanzees but persistent 
in one. Rechallenge of convalescent chim- 
panzees negative for HCV RNA at the time of 
rechallenge, in each instance, resulted in the 
appearance of the challenge strain of HCV 
RNA in semm and with histopathologic 
evidence of acute hepatitis. Semm alanine 
aminotransferase levels were lower during 
rechallenge hepatitis than during the primary 
HCV infection. In animals persistently 
infected with HCV, the challenge strain could 
not be detected in serum. Collectively these 
observations provide evidence for the lack of 
protective immunity against HCV reinfec- 
tion. {Adapted from Farci and Purcell [32].) 
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Figure 2-35^ 



Seroprevalence of antibody to hepatitis C virus (anti-HCV) in the 
United States between 1988 and 1994. This figure describes the 
prevalence of HCV infection by age group and race and ethnicity as 
determined for a representative sample of the US population in the 
third National Health and Nutrition Examination Survey. As 
shown, the highest rates of infection were found in blacks 
(exceeding 6%) and in the 30- to 49-year age group for both blacks 
and whites. Even higher prevalences would have been found if insti- 
tutionalized, homeless, or incarcerated individuals had been tested. 
{Adapted from Centers for Disease Control and Prevention [33].) 




Figure 2-36. 



Selected risk factors in reported cases of acute hepatitis C vims 
(HCV) in the United States between 1983 and 1998. Because sero- 
logic testing for HCV infection was not available until 1990, the 
data shown for the period between 1983 and 1990 in this figure 
was for the entity called non-A, non-B hepatitis. This graph depicts 
the increasing importance of injecting dmg use as a risk factor in 
the epidemiology of HCV transmission. It also supports an 
increasing role for sexual spread. The disappearance of transfusion- 
associated acute hepatitis C is consistent with other data indicating 
that blood transfusion is no longer an important mode of HCV 
transmission in the United States. {Adapted from the Centers for 
Disease Control and Prevention [2].) 
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Table 2-9. 



TABLE 2-9. SEROPREVALENCE OF HEPATITIS C IN LONG-TERM 
HETEROSEXUAL PARTNERS OF HEPATITIS C 
VIRUS-INFECTED INDIVIDUALS 



Study 


Population 


Couples, n 


Prevalence, %* 


/^J<ahane (1994) 


Japanese 


154 


24 


Kao (1996) 


Taiwanese 


100 


11 


Stroffolini (2001) 


Italians 


311 


6.3 


Chayama (1995) 


Japanese 


295 


4.7 


Sun (1999) 


Taiwanese 


214 


2.8 


Terrault (2002) 


US 


401 


2.7 


Neumayr(1999) 


Austrians 


80 


2.5 


*Bdsed on concordant senotypes in coupies. 



Seroprevalence of hepatitis C virus (HCV) in 
long-term heterosexual partners of HCV- 
infected individuals. Although early studies 
of the prevalence of antibody to HCV in 
sexual partners of infected patients suggested 
an important role for sexual transmission in 
the spread of the infection, subsequent 
studies indicate that transmission is rela- 
tively inefficient and antibody testing alone 
is insufficient to determine the mode of 
transmission. As shown here, studies based 
on concordance of HCV genotyping of 
couples with anti-HCV have revealed, with 
some exceptions, low prevalence rates. In the 
few studies in which nucleotide sequencing 
has been used, the prevalence of homolo- 
gous strains in the couple has been even 
lower. [Adapted from Temuk [34].) 



TABLE 2-10. MATERNAL-NEONATAL 

TRANSMISSION OF HEPATITIS C VIRUS 
IN PROSPECTIVE COHORT STUDIES 
PUBLISHED BETWEEN 1990 AND 2000 


Weighted Rate of 
Transmission, % 


All studies 




Anti-HCV-positive mother 


1.7 


HCV RNA-positive mother 


4.3 


HIV coinfection 




HIV positive 


19.4 


HIV negative 
Injection drug use 


3.5 


Anti“HCV-positive + injection drug use 


8.6 


Anti-HCV-negative without injection 
drug use 


3.4 


Geographic variabililY (HCV 

RNA-positive mothers) 




Italian studies 


5.6 


Japanese studies 


6.9 


Other studies 


3.1 




Figure 2-37. 



The disappearance of transfusion-associated hepatitis C virus 
(HCV). With changes in blood donor screening for HIV risk factors 
and serologic testing for antibodies to HfV in the 1980s, HCV 
(non-A, non-B) infection rates declined. The decline continued 
with the introduction of surrogate testing for elevations of alanine 
aminotransferase (ALT) levels and testing for antibody to hepatitis 
B core antigen (anti-HBc). However, the introduction of donor 
screening for antibody to HCV (anti-HCV) in 1990, second and 
then third generation anti-HCV assays a few years later, and finally 
the use of nucleic acid testing to detect HCV RNA in donor 
samples has resulted in rates of infection so low that they cannot 
be readily measured. [Adapted from Tobler and Busch [36].) 



Table 2-10. 



Maternal-neonatal transmission of hepatitis C vims (HCV) in 
prospective cohort studies between 1990 and 2000. In this table, 
weighted rates of transmission, adjusted for sample size and vari- 
ance, in 77 prospective studies were reviewed. As shown, higher rates 
were found in the presence of viremia, with HfV coinfection, and 
from mothers admitting to injection dmg use. Some geographic vari- 
ation was also present. [Adapted from Roberts and Yeung [35].) 
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I HISTOLOGY 




Figure 2-38. 



Typical biopsy findings in viral hepatitis. Diffuse hepatocellular 
necrosis with marked histiocytic reaction and infiltration with 
polymorphonuclear cells and mononuclear cells. Areas of necrosis 
and inflammation are intermingled. Hematoxylin and eosin. 
{Courtesy ofZ. Goodman, Washington, DC.) 
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Autoimmune Hepatitis 



Autoimmune hepatitis is an unresolving inflammation of the 
liver, characterized by autoantibodies, hypergammaglobu- 
linemia, and at least interface hepatitis on histologic examina- 
tion [ 1 1. It is the archetypal form of chronic hepatitis and has 
been the model that has fashioned the nomenclature, diag- 
nostic strategies, treatment trials, and outcome analyses now 
applied to other forms of chronic hepatitis (2,3 1. 

DIAGNOSIS 

There are no pathognomonic features of autoimmune hepa- 
titis; therefore it remains a diagnosis that requires the exclu- 
sion of other similar conditions [1,4]. Hereditary (Wilson 
disease, genetic hemochromatosis, and «j-antitrypsin defi- 
ciency), drug-induced (minocycline, isoniazid, a-methyldopa, 
nitrof^urantoin, and propylthiouracil toxicities), immunologic 
(primary biliary cirrhosis and primary sclerosing cholangitis), 
viral (chronic hepatitis B and C), and idiopathic (nonalcoholic 
steatohepatitis) diseases must be eliminated to ensure the 
correct diagnosis. This is usually accomplished by a careful 
revigw of clinical history, the performance of certain laboratory 
tests, and expert interpretation of liver biopsy tissue. 
Importantly, autoimmune hepatitis may have an acute, even 
fulminant, presentation [5,6], and the conventional require- 
ment for 6 months of disease activity to establish chronicity 
has been waived [7,8 1. An international panel has formulated 
the diagnostic criteria for autoimmune hepatitis and promul- 
gated a scoring system for the probable and definite diagnosis 
before and after corticosteroid therapy [7], 

ETIOLOGY 

The cause of autoimmune hepatitis is unknown, but multiple 
triggering agents have been proposed, especially drugs and 
viruses [9-14]. Case reports have described the emergence of 
autoimmune hepatitis after acute hepatitis A and B virus infec- 
tion [12,15]; minocycline-induced autoimmune hepatitis has 
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been well defined [13,14]; the disease has been reported in 
patients with HIV [16] and after infection with Epstein-Barr 
virus [17]; and the measles virus genome has been found 
more frequently in peripheral blood cells of patients with 
autoimmune hepatitis than in control patients [18]. Serologic 
surveys in patients from regions highly endemic for hepatitis 
C virus (HCV) infection have suggested an etiologic relation- 
ship with this virus [9-11], and autoimmune hepatitis has 
been observed after interferon therapy in patients with 
chronic hepatitis B [19], The multiplicity of etiologic agents 
suggests that the triggering epitope is a commonly shared 
motif that is easily mimicked by self-antigens [20-22], The 
strong association of autoimmune hepatitis with genetic risk 
factors within the major histocompatibility complex (MHC) 
suggests that susceptibility relates to peptides that are simi- 
larly displayed within the antigen-binding groove of partic- 
ular class 11 MHC molecules ("shared motif hypothesis") 
]23-25]. The genetic phenotype may also render certain hosts 



§ AUTOANTIBODIES 

Advances in molecular biology have facilitated the search for 
target autoantigens, and investigative efforts have focused on 
the identification and characterization of autoantibodies that 
might identify such antigens [35], These antibodies are not 
only clues to the underlying pathogenic mechanisms of 
autoimmune hepatitis, but they have diagnostic and 
emerging prognostic values. The cytochrome monooxygenase, 
P450 IID6 (CYP2D6), has been proposed as an autoantigen 
recognized by antibodies to liver/kidney microsome type 1 
(anti-LKMl) [36], and asialoglycoprotein receptor (ASGPR) is 
another autoantigen that commonly triggers antibodies (anti- 
ASGPR) that are expressed in this disease [37-39]. A transfer 
ribonucleoprotein complex involved in the incorporation of 
selenocysteine into polypeptide chains (tRNPf^®"^!^®^) is the 
target antigen of antibodies to soluble liver antigen/liver 
pancreas (anti-SLA/LP) ]40], and antibodies to liver cytosol 
type 1 (anti-LGl) are directed against formiminotransferase 
cyclodeaminase ]41]. Antibodies to actin (anti-actin) react 
against actin microfilaments, and they identify a subset of 



more susceptible to region-specific triggering viruses or envi- 
ronmental agents, and in this fashion, the etiologic agent 
may select the most vulnerable target. Different geographic 
regions may have different genetic risk factors for autoim- 
mune hepatitis based on region-specific triggering agents 
("molecular footprint hypothesis") [25,26]. Importantly, 
patients with autoimmune hepatitis in the United States and 
the United Kingdom typically lack manifestations of viral 
infection [27-30]. Early studies using first-generation 
immunoassays for detection of HGV antibodies were compro- 
mised by a high frequency of false-positive results [31,32]. 
Hepatitis G virus infection now appears to be a coincidental 
finding rather than an important cause of the disease in 
North America and Western Europe ]33,34]. Autoimmune 
hepatitis is self-perpetuating, and it may persist despite disap- 
pearance of the cause. A long lag time between the triggering 
event and the clinical expression of the disease impairs efforts 
to establish infectious or toxic causes. 



patients with smooth muscle antibodies (SMA) who have a 
poor treatment outcome [42]. The expression of some 
autoantibodies (anti-SLA/LP) are tightly associated with 
certain alleles of the MHG {DRBl *0301), and they may be 
surrogate markers of a genetic propensity for a particular clin- 
ical presentation and/or treatment response [35,43]. 
Autoantibodies may occur in constellations or as isolated 
reactivities ]44], and those that exhibit mutual exclusivity 
have been proposed as markers of different subtypes of 
autoimmune hepatitis [35,45]. Subtypes based on these 
autoantibody expressions are not established as valid clinical 
entities since they do not identify patients with etiologic, clin- 
ical, or prognostic distinctions. Nevertheless, these designa- 
tions have entered the jargon of autoimmune hepatitis, and 
they are useful as clinically descriptive terms [45]. The 
burgeoning battery of autoantibodies associated with autoim- 
mune hepatitis has generated a confusing lexicon ]8,35], and 
international efforts have been required to standardize 
nomenclature and diagnostic requirements ]35, 46,47]. 
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TR^TMENT 



Prednisone alone or in combination with azathioprine is the 
preferred treatment for patients with autoimmune hepatitis 
regardless of autoantibody profile [1,48-51], but the limita- 
tions of these treatment regimens in sustaining remission 
after drug withdrawal [52-54] and preventing eventual 
progression to cirrhosis are well recognized [55,56]. 
Furthermore, drug-related complications diminish the net 
benefit to risk ratio of protracted therapy and also restrict the 
pursuit of ideal treatment endpoints [53], Novel immuno- 
suppressive agents are emerging from the transplantation 
arena (cyclosporine, tacrolimus, mycophenolate mofetil, and 
rapamycin) that promise greater blanket immunosuppression 
than prednisone and azathioprine [50,57], and site-specific 
interventions that impair selected pathogenic pathways are 
feasible now that the mechanisms of the disease have been 
described [47,49,50]. Clinical experiences with cyclosporine 
indicate its possible value in refractory disease, and it has also 
been explored as a frontline therapy in treatment-naive chil- 



dren and adults [58,59]. Mycophenolate mofetil has been 
administered as salvage therapy for disease that is poorly 
responsive to conventional drugs [60], and it may offer an 
alternative to patients with treatment failure, intolerance to 
azathioprine, or thiopurine methyltransferase deficiency. T- 
cell vaccination has undergone preliminary testing in animal 
models of experimental autoimmune hepatitis [61,62], and 
the strategies of cytokine manipulation, oral tolerance 
therapy, blocking peptides of the major histocompatibility 
class (MHC) II molecules, the administration of cytotoxic T 
lymphocyte antigen 4 as an immune modulator, and gene 
therapy are under consideration [47,50,57]. The stage is set to 
evaluate alternative therapies as principal regimens, addi- 
tional options, or adjunctive treatments. Rigorous controlled 
clinical trials are needed to establish the efficacy of new dmgs 
that promise greater blanket immunosuppression, and a 
confident animal model of experimental autoimmune hepa- 
titis is needed to develop site-specific interventions. 



I V/^IANT FORMS 

Variant forms of autoimmune hepatitis have findings that are 
either insufficient for the definite diagnosis of classic disease 
(outlier syndrome) or features that suggest the coexistence of 
different liver diseases (overlap syndrome) [63-66]. 
Codification of the diagnostic criteria for autoimmune hepa- 
titis has led to recognition of these syndromes [7], and a 
modified scoring system proposed by the International 
Autoimmune Hepatitis Group allows quantification of the 
net strength of the diagnosis and provides a uniform method 
of assessing deviations from the classic phenotype [67,68]. 
Autoimmune cholangitis ("antimitochondrial antibody nega- 
tive primary biliary cirrhosis") [66,69] and cryptogenic 
chronic hepatitis ("autoantibody-negative autoimmune hepa- 
titis") [70] are outlier syndromes; autoimmune hepatitis and 
primary biliary cirrhosis, autoimmune hepatitis and primary 
sclerosing cholangitis, and autoimmune hepatitis and chronic 
viral hepatitis are overlap syndromes [63-65]. Recent studies 
have indicated that as many as 18% of patients with autoim- 
mune liver disease have variant manifestations [64], and 



recognition of these variant forms is important because corti- 
costeroid therapy may be ineffective [64,65]. Patients with 
features of autoimmune cholangitis and autoimmune hepa- 
titis and primary sclerosing cholangitis have a limited 
response to such therapy, and alternative treatment strategies 
may be necessary [64,65]. Strong cholestatic features usually 
predict a poor response to corticosteroids, and variant forms 
of autoimmune hepatitis with serum alkaline phosphatase 
levels above twofold normal at presentation are candidates 
for these alternative regimens [64]. Clinicians can no longer 
be emboldened by perceptions that the diagnosis of autoim- 
mune hepatitis is straightforward and the treatment standard. 
Current strategies require awareness of current nomenclature, 
familiarity with standardized diagnostic criteria, proper inter- 
pretation of diverse immunoserologic manifestations, recog- 
nition of variant syndromes, and selection of treatment 
options based on the strength of the original diagnosis and 
the predominant manifestations of the disease. 
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I BACKGROUND AND DIAGNOSTIC CRITERIA 



1930- 



1936 



Idiopathic jaundice 
Subacute hepatic necrosis 



1940- 

1942 



Hyperproteinemia associated with severe liver damage 



1950- 
1951 — 

1956 — 



Description of syndrome in women with cushingoid features, 
acne, amenorrhea, hypergammaglobulinemia, obscure fever 

Tupoid hepatitis” coined 



1960- 

1962 



Piecemeal necrosis described 



1 965 — Australia antigen reported 

1966 Association with smooth-muscle antibodies, antinuclear antibodies 



1969 — 
1970- 
1972 ^ 



Controlled trials establishing efficacy of corticosteroids 
Subdassification by HBsAg 

Association with HLA A1, BS; rabbit animal model; resemblance to Wilson disease 



1973 

1976 



Drug induction of disease recognized 

Explosive search for pathogenic antibodies and target autoantigens 



1980- 



Specificity of liver membrane antibody, antiactin, and antiasialogiycoprotein 
receptor assessed 



L 1987 — 
1989 — 
1990- 



1992 

1997 



Types 1 , 2, and 3 subtypes proposed; novel autoantibodies described 
Hepatitis C virus discovered; P450 IID6 proposed as target antigen 
DR3 and DR4 as genetic risk factors; true hepatitis C virus infection in 
type 2 described. False-positive antihepatitis C virus in type 1 recognized. 
Standardization of terms and diagnostic criteria 

DRB 1*0301 and DRB 1*0401 recognized as susceptibility alleles in whites 



Figure 3 - 1 . 



Milestones in the emergence of autoim- 
mune hepatitis as a disease entity. The 
syndrome was first described in 1951, and 
the term lupoid hepatitis was coined in 
1956 to emphasize its autoimmune nature 
[2]. Piecemeal necrosis (interface hepatitis) 
became the histologic hallmark for the 
disease in 1962, and the discoveries of 
hepatitis B surface antigen (HBsAg) in 1965 
[71] and hepatitis C virus in 1989 [72] 
established by exclusion its independent 
nature. The advances in molecular biology 
during the 1980s stimulated efforts to iden- 
tify target antigens and pathogenic autoan- 
tibodies, and the 1990s heralded an era of 
international cooperation in standardizing 
terms and diagnostic criteria and in 
defining the genetic bases for the disease 
[2,7,46]. 
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Figure 3 - 2 . 




Diagnostic criteria for autoimmune hepatitis. The International 
Autoimmune Hepatitis Group met for the first time in Brighton, 
England, in June 1992. This panel formulated the criteria for a defi- 
nite and probable diagnosis of autoimmune hepatitis [73], and 
these criteria were updated and promulgated in 1999 [7]. The 6- 
month criterion of disease activity to establish chronicity was 
waived. Levels of significant hypergammaglobulinemia and autoan- 
tibody titer were described, and elimination factors were strictly 
defined [7|. Acinar (lobular) hepatitis was accepted within the spec- 
trum of the disease. Laboratory and histologic features of cholestasis 
precluded the definite diagnosis, as did markers of tme viral infec- 
tion. The criteria recognized the possibility of an acute, even fulmi- 
nant, onset of the disease and permitted the diagnosis even in those 
patients without conventional immunoserologic markers. ALT— 
alanine aminotransferase; ANA — antinuclear antibodies; Anti- 
HAV — antibodies to hepatitis A vims; Anti-HBc — antibodies to 
hepatitis B core antigen; Anti-HCV — antibodies to hepatitis C vims; 
AST — aspartate aminotransferase; HBsAg — hepatitis B surface 
antigen; LKMl — liver-kidney microsome type 1; RIBA — recombi- 
nant immunoblot assay; SMA — smooth-muscle antibodies. 



Definite diagnosis 
Sco re >15 befo re treatme nt 
>17 after treatment 



Probable diagnosis 
Score 1 0-1 5 before treatment 
12-17 after treatment 



No diagnosis 

Score <1 0 before treatment 
<12 after treatment 
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+ 3 
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Normal 
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» No viral markers 
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Figure 3 - 3 * 



Establishing the diagnosis of autoimmune hepatitis by a scoring 
system. A scoring system recognizes the diversity of findings that 
support the diagnosis of autoimmune hepatitis and the inability of 
any one feature to establish or preclude the diagnosis [7]. All find- 
ings are graded, and the strength of the diagnosis is determined by 
a composite score either before or after corticosteroid treatment. 
At)^ical or incompatible findings can be accommodated in the 
diagnosis, and scores based on response to corticosteroids allow 
treatment trials to support the diagnosis in patients with less 
pronounced features, mixed findings, or absent immunoserologic 
markers [7]. The scoring system was upgraded and validated for the 
definite diagnosis of autoimmune hepatitis in 1999 [7,67,68]. It 
has also been useful in comparing variant syndromes with classic 



disease [64,68,69]. These comparisons, however, have been limited 
by the lack of diagnostic specificity of the various features of each 
autoimmune liver disease [66,74]. ALT — alanine aminotransferase; 
AMA — antimitochondrial antibodies; ANA — antinuclear anti- 
bodies; Anti-HAV — antibodies to hepatitis A virus; Anti-HBc— anti- 
bodies to hepatitis B core antigen; Anti-HCV — antibodies to hepa- 
titis C virus; Anti-SLA/LP— antibodies to soluble liver antigen/liver 
pancreas; Anti-ASGPR — antibodies to asialoglycoprotein receptor; 
GG — gamma globulin; HBsAg— hepatitis B surface antigen; HCV— 
hepatitis C virus; LCl — liver cytosol type 1; LKMl — liver-kidney 
microsome type 1; LSP — liver-specific protein; RIBA — recombinant 
immunoblot assay; SMA — smooth-muscle antibodies. 
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I SUBTYPES 



» B 




Standardization of nomenclature and subclassifications based on 
immunoserologic markers. The designation autoimmune hepatitis 
supersedes all previous terms implying chronicity etiology, and 
activity [1,2,46]. Type 1 autoimmune hepatitis is characterized by 
the presence of smooth-muscle antibodies (SMA) or antinuclear 
antibodies (ANA) [45,75], and type 2 autoimmune hepatitis 
connotes the presence of antibodies to liver-kidney microsome 
type 1 (Anti-LKMl) [45,76]. Patients with Anti-LKMl may rarely 
(<10%) have true hepatitis C virus (HCY) infection [77-80]. Those 
patients with Anti-LKMl who did not have true HCV infection were 
originally designated as type 2a autoimmune hepatitis, and those 
with true HCV infection were originally designated as type 2b 
autoimmune hepatitis [79,80]. These designations were eliminated 



from the nomenclature when it was recognized that the Anti-LKMl 
in true chronic hepatitis C were directed at different epitopes than 
the Anti-LKMl in uninfected patients [81]. Type 2a autoimmune 
hepatitis is now designated as "type 2 autoimmune hepatitis" and 
type 2b autoimmune hepatitis is now designated as "chronic hepa- 
titis C with autoimmunity" [46]. Type 3 autoimmune hepatitis is 
the least established form of the disease, and it is characterized by 
antibodies to soluble liver antigen/liver pancreas (Anti-SLA/LP) 
[82,83]. Patients with all features of autoimmune hepatitis except 
seropositivity for conventional autoantibodies (cryptogenic chronic 
hepatitis) may have "autoantibody-negative autoimmune hepatitis" 
[70,84,85]. These patients typically respond to corticosteroid 
therapy [70,86]. HBsAg — hepatitis B surface antigen. 
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Figure 3-5. 




11 % 



Frequenqr of the different subtypes of autoimmune hepatitis in 
North American adults with chronic hepatitis of undetermined 
etiology. Type 1 autoimmune hepatitis is the most common 
subtype [45,75,87,88], and types 2 and 3 autoimmune hepatitis are 
rare in the United States [88-91]. Cryptogenic chronic hepatitis 
("autoantibody-negative autoimmune hepatitis") is the second 
most common diagnosis within this universe of patients. 
Autoantibody-negative patients may have escaped detection by 
conventional immunoserologic assays, or they may have delayed 
expression of the conventional autoantibodies. Assessment for anti- 
bodies to soluble liver antigen/liver pancreas (Anti-SLA/LP) allows 
reclassification of these patients as autoimmune hepatitis in 18% to 
33% of instances [90,91], and reassessment of the conventional 
autoantibodies may demonstrate their late expression [44]. Eleven 
percent of patients with type 1 autoimmune hepatitis have Anti- 
SLA/LP [90], and they are similar to type 1 patients without these 
antibodies in age, gender, frequency of concurrent immune 
diseases, occurrence, and nature of smooth muscle antibodies 
and/or antinuclear antibodies, and responses to corticosteroid 
therapy [90,92]. Patients with anti-SLA/LP invariably relapse after 
corticosteroid withdrawal, and this is their main distinction from 
seronegative patients with type 1 autoimmune hepatitis [43,93]. In 
type 1 autoimmune hepatitis, anti-SLA/LP identify a subgroup of 
patients with a propensity for relapse, and they may be markers of 
prognosis rather than hallmarks of a separate clinical entity [43,93]. 
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Figure 3-6* 



Clinical features of type 1 autoimmune hepatitis. Over 70% of 
patients with type 1 autoimmune hepatitis are women, and almost 
50% are younger than 40 years old. An acute, rarely fulminant, 
presentation is possible and important to recognize and treat early 
[5,6,94,95]. Forty percent of patients have an abrupt onset of 
symptoms [5,6,94,95], and they may be misclassified as having an 
acute viral or toxic hepatitis [94,95]. Most patients with an acute 
presentation have chronic features such as hypoalbuminemia, 
thrombocytopenia, hypergammaglobulinemia, or ascites that 
suggest an exacerbation of pre-existent chronic disease [5,6,94]. 

The absence of chronic features, including histologic fibrosis, does 
not preclude the diagnosis because some patients may present with 
an acute panacinar hepatitis or manifest this pattern during relapse 
after drug withdrawal [5,6,94]. Cirrhosis is demonstrated at presen- 
tation in 25% of patients, and it indicates that type 1 autoimmune 
hepatitis can have an indolent, aggressive, subclinical stage 
[55,56,75]. True hepatitis C virus (HCV) infection is present in no 
more than 11% of patients who satisfy international criteria for 
autoimmune hepatitis [33]. In these patients, HCV infection is 
probably a coincidental finding [33,96]. 



Autoimmune Hepatitis 



49 








Figure 3-7* 




Concurrent immunologic diseases, 
38% 

Graves' disease, 5% 
Ulcerative colitis,* 6% 

Autoimmune thyroiditis, 16% 



* Normal 
cholangiogram 



Synovitis 

Vasculitis 

Nephritis 

Myositis 

Iritis 

Pernicious anemia 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Idiopathic 

th rom bocyto pe n i c p u r pu ra 
Asthma 

Sjogren's syndrome 
Dermatitis herpetitormis 
Coombs’ positive hemolysis 



Pleuritis 
Neutropenia 
Gingivitis 
Myasthenia gravis 
Pyoderma gangrenosum 
Fibrosing alveolitis 
Pericarditis 
Urticaria 

Secretory diarrhea 
Intestinal villus atrophy 
Peripheral neuropathy 
Cryoglobulinemia 



Concurrent immunologic diseases in type 1 
autoimmune hepatitis. Autoimmune 
thyroiditis is the most common associated 
immune disease [75,97,98]. The presence 
of ulcerative colitis does not compel the 
diagnosis of primary sclerosing cholangitis 
(PSC), but it does mandate the perform- 
ance of cholangiography [99]. Forty-two 
percent of patients with type 1 autoim- 
mune hepatitis and ulcerative colitis have 
cholangiographic features of PSC, and they 
commonly are refractory to corticosteroid 
therapy [99]. Patients with concurrent 
immunologic diseases frequently have HLA 
DR4 [97,98,100,101]. 




Figure 3-8. 



Laboratory findings in severe type 1 autoimmune hepatitis. The 
range of serum aminotransferase, bilirubin, gamma globulin, and 
albumin levels at presentation may be wide, and the prothrombin 
time maybe prolonged [75,102]. Serum aminotransferase activity 



may resemble that of a severe acute hepatitis [94,95]. The serum 
gamma globulin level is rarely normal, and most patients have an 
abnormally low semm albumin level [67,94]. The shaded areas in 
the figure indicate the normal range for each of the laboratory tests. 
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Figure 3-9* 



Immunoserologic markers in type 1 autoimmune hepatitis. Patients with type 1 autoim- 
mune hepatitis have smooth-muscle antibodies (SMA) or antinuclear antibodies (ANA) 
[45,75]. In 64% of patients, both markers are present concurrently [44]. 



Antimitochondrial antibodies (AMA) may 
be present in 20% of patients and are 
usually in low titer (^:40) [90,103]. The 
pattern of indirect immunofluorescence of 
antibodies to liver-kidney microsome type 
1 (Anti-LKMl) can be confused with the 
pattern of AMA, and early studies indicated 
that 27% of patients with autoimmune 
hepatitis and AMA actually had Anti-LKMl 
[89]. This error is now unlikely because 
femiliarity with the pattern of indirect 
immunofluorescence for Anti-LKMl has 
improved, and assays based on indirect 
immunofluorescence are being replaced by 
those based on recombinant antigens. In 
5% of patients, antibodies to the E2 
subunits of the pyruvate dehydrogenase 
complex (Anti-PDH-E2) are present, and 
these patients may have primary biliary 
cirrhosis [90]. Antibodies to asialoglycopro- 
tein receptor (Anti-ASGPR) are commonly 
present but do not distinguish specific 
subtypes [37-39,104]. Perinuclear antineu- 
trophil cytoplasmic antibodies (pANCA), 
which are absent in type 2 autoimmune 
hepatitis [105], are generally present in 
high titer in type 1 autoimmune hepatitis 
[106-108]. Anti-SLA/LP— antibodies to 
soluble liver antigen/liver pancreas. 
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Figure 3-10. 



Autoantibody titers in autoimmune hepa- 
titis and chronic viral hepatitis. Patients 
with autoimmune hepatitis typically have 
titers of smooth-muscle antibodies (SMA) 
or antinuclear antibodies (ANA) that 
exceed 1:80 [29,96,109]. Patients with 
chronic hepatitis B {triangles), chronic 
hepatitis C {open circles), and posttransfu- 
sion hepatitis of unknown cause {squares) 
are seropositive for SMA (22% vs 90%, P < 
0.0001) and ANA (22% vs 70%, P < 0.001) 
less commonly than those with autoim- 
mune hepatitis. They also have autoanti- 
body titers of greater than or equal to 1:80 
(11% vs 84%, P < 0.0001) less frequently 
[29]. In contrast, organ-specific autoanti- 
bodies, such as thyroid antibodies 
(thyroglobulin and microsomal anti- 
bodies), occur as commonly in chronic 
viral hepatitis as in autoimmune hepatitis, 
albeit titers are generally higher in autoim- 
mune hepatitis [29]. The shaded areas in 
the figure indicate the range of seronega- 
tivity for each of the immunoserologic 
markers. {Adapted from Czaja etal [29].) 
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Figure 3-1 



Human leukoq^e antigens (HLA) in North American and northern 
European white patients with type 1 autoimmune hepatitis. HLA- 



DR3 and DR4 are independent risk factors for type 1 autoimmune 
hepatitis in white patients of North American and northern 
European background [110]. HLA-DR4 is the predominant pheno- 
type in Japan [111,112]. The prevalence and behavior of autoim- 
mune hepatitis in different regions of the world probably relate to 
HLA phenotypes [23,24]. HLA-B8 is in strong linkage disequilib- 
rium (94% concurrence) with HLA-DR3, and the A1-B8-DR3 
phenotype characterizes type 1 autoimmune hepatitis [110,113]. 
The alleles DRBl *0301 and DRBl *0401 are present in 80% of 
patients. DRBl *0301 is the principal susceptibility factor, and 
DRBl *0401 is a secondary but independent risk factor [114]. 

DRBl *0301 and DRBl *0401 encode the identical amino acid 
sequence in the DRp polypeptide chain of the class II molecule of 
the major histocompatibility complex (MHC). They thereby deter- 
mine the ability of each class II MHC molecule to bind and present 
antigen to CD4 T-helper cells [23,24,114,115]. The complex of 
antigenic peptide and class II MHC molecule activates the 
immunoc 5 Tes responsible for the disease. Analyses of amino acid 
sequence variations that are encoded by the susceptibility alleles 
suggest that a lysine in position 71 of the DR(3 polypeptide chain is 
associated with an increased risk of type 1 autoimmune hepatitis 
[114-116]. Type 1 autoimmune hepatitis is a polygenic disorder, 
but the principal susceptibility alleles among white North 
American and northern European patients reside in the DRBl 
locus [114-116]. 




Figure 3-12. 



Histologic findings of interface hepatitis and bridging necrosis in 
severe type 1 autoimmune hepatitis (hematoxylin and eosin; orig- 
inal magnification, X 100). The histologic hallmark of autoim- 
mune hepatitis is interface hepatitis ("piecemeal necrosis"), which 
is the sine qua non of the disease [1,7]. It is defined as disruption 
of the limiting plate of the portal tract by infiammatory infiltrate 
[arrow). Gamma globulin deposits are found in hepatic 
mesenchymal cells in association with lymphocytes, plasma cells, 
and histiocytes, and the character of the lesion suggests an 
immune-mediated cytodestructive process [117,118]. Interface 
hepatitis is not specific for autoimmune hepatitis, and it can be 
seen in acute and chronic virus- and drug-related disease [119]. 
Extension of the inflammatory activity between portal tracts 
(portal-portal bridging necrosis) or between portal tracts and 
central vein (portal-central bridging necrosis) connotes a more 
severe lesion with a greater propensity for progression to cirrhosis 
[120,121]. Portal-central bridging has a higher predilection for 
cirrhosis than portal-portal bridging, but in most instances the 
lesions are of mixed character or indeterminate because of 
sampling variation [120,121]. 
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Figure 3 - 13 . 



Histologic findings of plasma cell infiltration of the portal tracts in 
type 1 autoimmune hepatitis (hematoxylin and eosin; original 
magnification, X 400). Moderate-to-severe plasma cell infiltration 
of the portal tracts is found in 66% of tissue specimens [119]. 
Assessments using monoclonal antibodies have indicated that the 
major component of the inflammatory cell infiltrate in the portal 
tracts is the T lymphocyte [122]. Nevertheless, the recognition of 
plasma cells supports, albeit does not establish, the diagnosis of 
autoimmune hepatitis [119]. Plasma cells can be found in chronic 
hepatitis B and C, and their absence does not preclude the diag- 
nosis of autoimmune hepatitis [119]. In portal and periportal 
regions, the helper/inducer cells (CD4) are more numerous than 
the suppressor/ cytotoxic T cells (CDS) [123]. In the lobule and in 
areas of interface hepatitis, the reverse is true [123]. 




Figure 3 - 1 5 ^ 



Histologic findings of cirrhosis in severe type 1 autoimmune hepa- 
titis (Masson stain; original magnification, XlOO). Cirrhosis is char- 
acterized by widespread fibrosis and complete regenerative nodules 
[119], The disease may be active or inactive depending on the pres- 
ence of interface hepatitis in the portal tracts. Sampling variation 
associated with needle biopsy of the liver can frequently underesti- 
mate the presence of cirrhosis in individual patients. Cirrhosis is 
documented in multiple biopsy specimens from different regions of 
the same liver in only 33% of instances, and inter- and intraob- 
server variations in its diagnosis are common. [124]. 
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Figure 3 - 1 4 » 



Histologic findings of acinar (lobular) hepatitis in severe type 1 
autoimmune hepatitis (hematoxylin and eosin; original magnifica- 
tion, X 100). Prominent cellular infiltrates that line sinusoidal 
spaces in association with liver cell degenerative or regenerative 
changes and Kupffer cell hyperplasia connote acinar (lobular) 
hepatitis [119]. Moderate-to-severe acinar hepatitis can be found at 
presentation or during relapse of autoimmune hepatitis. Its pres- 
ence has diagnostic value because it is part of the histologic spec- 
trum of autoimmune hepatitis [7]. 




Figure 3 - 16 * 



Histologic findings of chronic hepatitis C that distinguish it from 
autoimmune hepatitis (hematoxylin and eosin; original magnification, 
X 200) . A germinal center with surrounding small lymphocytes or a 
densely packed collection of small lymphocytes within a portal tract 
connotes a portal lymphoid a^egate and suggests the diagnosis of 
chronic hepatitis C [119,125-126]. The presence of small, large, or 
mixed-size vacuoles of lipids within the cytoplasm of hepatocytes 
(steatosis) or bile duct damage or loss also suggests the diagnosis of 
chronic hepatitis C [119,125-128]. The absence of these changes and 
the presence of moderate-to-severe interface hepatitis, acinar (lobular) 
infiammation, broad areas of parenchymal collapse, and multinucleated 
hepatocytes suggest the diagnosis of autoimmune hepatitis [119,125]. 
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Figure 3 - 17 . 




Histologic findings in chronic hepatitis C that resemble those in 
type 1 autoimmune hepatitis (hematoxylin and eosin; original 
magnification, X 100). Moderate interface hepatitis and portal 
plasma cell infiltration can occur in patients with true hepatitis C 
(HCV) infection [119,127,129]. In such instances, steatosis and 
portal lymphoid aggregates are absent, and the findings suggest an 
autoimmune hepatitis. These patients may have autoimmune 
hepatitis with coexistent background HCV infection (overlap 
syndrome) or chronic hepatitis C with associated autoimmune 
features [46,109,127,129]. Autoantibodies and hypergammaglobu- 
linemia may also be present [109,127,129]. 




Figure 3 - 18 . 



Histologic patterns in chronic hepatitis C. Histologic patterns of liver 
cell injury can be variable in chronic hepatitis C [119,125-127]. 
Features of portal lymphoid aggregates and steatosis (viral pattern) 
are highly specific for the diagnosis but not always present. Features 
of interface hepatitis and portal plasma cell infiltration (autoim- 
mune pattern) can suggest an autoimmune component, and there 
can be mixed features of interface hepatitis, portal plasma cell infil- 
tration, steatosis, and/or portal lymphoid aggregates [119,127]. 
Thirty-nine percent of patients with chronic hepatitis C have autoim- 
mune or mixed autoimmune and viral features. In 43% of cases, the 
histologic pattern cannot be classified as autoimmune, viral, or 
mixed. These patterns are designated as "nondiscriminative," and 
typically they disclose interface hepatitis without portal plasma cell 
infiltration. In contrast, the histologic patterns of autoimmune hepa- 
titis are limited by the international criteria that define the spectrum 
of acceptable findings [7]. Suggested variations in the histologic 
appearance of autoimmune hepatitis have included centrilobular 
necrosis (Rappaport zone 3 necrosis), but this pattern has not yet 
been endorsed as a morphologic feature [130,131]. 



54 



Atlas of the Liver 










TABLE 3-1. IMPORTANT INDIVIDUAL HISTOLOGIC FEATURES THAT DISTINGUISH AUTOIMMUNE HEPATITIS 
FROM CHRONIC HEPATITIS C 



Autoimmune HEPATITIS, % Chronic hepatitis C, % P value 



Portal plasma cells 


66 


21 


0.005 


Interface hepatitis 
(moderate to severe) 


23 


0 


0.02 


Acinar hepatitis 
(moderate to severe) 


47 


16 


0.04 


Portal lymphoid asgregates 


42 


76 


0.05 


Steatosis 


16 


52 


0.005 



Table 3-1. 



Important individual histologic features that distinguish autoim- 
mune hepatitis from chronic hepatitis C. Careful histologic exami- 
nation can have diagnostic value and can strengthen therapeutic 
decisions, especially in patients with clinical features of a mixed 
autoimmune and viral nature. Portal lymphoid aggregates, 
steatosis, or bile duct changes in the absence of moderate-to-severe 
interface hepatitis and acinar (lobular) hepatitis support the 



diagnosis of chronic hepatitis C [119,125-128]. No histologic find- 
ings are pathognomic of either condition, but moderate-severe 
interface hepatitis and portal plasma cells are unusual in chronic 
hepatitis C [125,127]. Immunohistochemical techniques using 
monoclonal antibodies against hepatitis C viral antigens identify 
sparse, focal changes, but staining methods are limited by 
sampling variation and low sensitivity [132]. 



TABLE 3-2, PERFORMANCE PARAMETERS OF HISTOLOGIC 
INTERPRETATION IN AUTOIMMUNE HEPATITIS 
AND CHRONIC HEPATITIS C 



Performance parameters 


Clinical diagnoses’^, % 


Autoimmune hepatitis 


Chronic hepatitis C 


Sensitivity 


40 


57 


Specificity 


81 


91 


Positive predictability 


68 


67 


Negative predictability 


57 


87 


Overall predictability 


62 


82 



*Gofd stand&rd for the didgnosis d$alnst which histoiosfC assessments were measured. 



Table 3-2. 



Performance parameters of histologic inter- 
pretation in autoimmune hepatitis and 
chronic hepatitis C. Histologic interpreta- 
tion must be rendered on the basis of 
composite morphologic changes, and the 
predominance of individual features previ- 
ously identified as having diagnostic value 
[119]. Portal lymphoid aggregates or 
steatosis suggest the diagnosis of chronic 
hepatitis C with a sensitivity of 57% and 
specificity of 91% [119,127]. The absence of 
these changes and the presence of 
moderate-to-severe interface hepatitis or 
acinar (lobular) inflammation suggest the 
diagnosis of autoimmune hepatitis with a 
sensitivity of 40% and specificity of 81% 
[119]. The high specificity and 
predictability of the histologic patterns are 
compromised by low sensitivity [119]. 
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Figure 3-19. 



Prognoses of initial histologic patterns in untreated type 1 autoim- 
mune hepatitis. The severity and aggressiveness of the inflamma- 
tory process can be estimated by the histologic pattern at presenta- 
tion [102,121]. The type and degree of hepatic inflammation can 
be assessed by needle biopsy with 90% accuracy [124,133]. 
Sampling variation and intraobserver interpretive error limit the 
ability of needle biopsy to evaluate cirrhosis [124,133]. 
Portal-portal and portal-central bridging necrosis are frequently 




mixed findings or are difficult to distinguish. Interface hepatitis, 
which is the histologic hallmark of autoimmune hepatitis, typi- 
cally does not progress rapidly to cirrhosis, and it does not compel 
therapy unless there are associated symptoms or markedly 
abnormal laboratory indices [120,121]. Transitions can occur 
between the various histologic patterns spontaneously or during 
therapy [121]. 



Figure 3-20. 



Prognoses associated with different degrees of inflammatory 
activity in untreated type 1 autoimmune hepatitis. Sustained severe 
laboratory changes or histologic features of bridging necrosis or 
multilobular necrosis have a poorer prognosis than laboratory and 
histologic changes of lesser magnitude [121,134]. Randomized 
treatment trials indicate that patients with severe disease assigned 
to control or nonsteroidal therapies have a mortality as high as 
40% within 6 months of presentation and a 5-year life expectancy 
of 45% to 50% [134]. In contrast, untreated patients with mild to 
moderate laboratory and histologic findings have 15-year survival 
rates as high as 90% [135-137]. AST — aspartate aminotransferase; 
GG — gamma globulin. 
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I TYPE 2 AUTOIA/UviUNE HEPATITIS 




Figure 3 - 21 . 



Clinical features of type 2 autoimmune hepatitis. The diagnosis 
requires the presence of antibodies to liver-kidney microsome type 
1 (Anti-LKMl). The disease has been described mainly in pediatric 
patients (ages 2 to 14 years), but in Europe 20% of patients with 
type 2 autoimmune hepatitis are adults [76]. Recombinant P450 
1ID6 (CYP2D6), which is the target antigen of Anti-LKMl, shares 
homologies with the genome of the hepatitis C virus (HCV) [36], 
and antibodies to HCV and HCV RNA are present in as many as 
10% of cases in western Europe [77-81]. In the United States, 
seropositivity for Anti-LKMl has been found in only 4% of adults 
with autoimmune hepatitis [89], and HCV infection in association 
with Anti-LKMl has not been recognized [89,138]. Patients with 
type 2 autoimmune hepatitis typically have concurrent immuno- 
logic diseases, including autoimmune thyroiditis, insulin- 
dependent diabetes, vitiligo, and ulcerative colitis [76]. They also 
have a high frequency of organ-specific autoantibodies, such as 
antibodies to parietal cell, islets of Langerhans, and thyroid [76]. 
An acute, even fulminant, presentation may occur [139], and 
patients infrequently have a marked hypergammaglobulinemia 
[76,139]. A low serum IgA concentration was part of the original 
description [76]. 




Figure 3 - 22 . 



Clinical distinctions between type 2 autoimmune hepatitis and 
chronic hepatitis C with autoimmunity. Patients with type 2 
autoimmune hepatitis differ from those with Anti-LKMl and true 
hepatitis C virus (HCV) infection (chronic hepatitis C with autoim- 
munity) by having disease-specific reactivity against synthetic 
peptides containing the amino acid sequence 254-271 ("core 
motif") of recombinant P450 1ID6 (CYP2D6) [81,140,141]. In 
contrast, patients with chronic hepatitis C with autoimmunity lack 
immunoreactivity against the 254-271 core motif; they frequently 
have antibodies to GOR-47 (Anti-GOR-47) (common in chronic 
HCV infection) [79,81]; and they may respond to interferon 
therapy [77,142]. Antibodies to liver cytosol type 1 (Anti-LCl) 
characterize young patients with type 2 autoimmune hepatitis who 
are uninfected with HCV, but they are present in only 32% of 
patients [143-146]. Uninfected patients with type 2 autoimmune 
hepatitis respond as well to corticosteroid therapy as other forms 
of the disease [147]. Anti-LKMl — antibodies to liver-kidney 
microsome type 1; AST — serum aspartate aminotransferase level. 



Autoimmune Hepatitis 



57 








Figure 3-23. 




Immunoserologic markers in type 2 autoimmune hepatitis. 
Antibodies to liver- kidney microsome type 1 (Anti-LKMl), P450 
IID6 (Anti-P450 IID6), and the core motif 254-271 amino acid 
sequence (Anti-254-271) characterize these patients 
[36,81,140,141]. Antibodies to asialoglycoprotein receptor (Anti- 
ASGPR) are common, but they do not distinguish this subgroup 
[38,104]. Antibodies to liver cytosol type 1 (Anti-LCl) 
[143,144,146] and organ-specific autoantibodies, such as parietal 
cell antibodies, are frequently demonstrated [76]. High titer 
smooth-muscle antibodies (SMA) and antinuclear antibodies 
(ANA) rarely occur together with Anti-LKMl [76,89]. Anti-LCl — 
antibodies to liver cytosol type 1; SLA/LP — soluble liver 
antigen/liver pancreas; Anti-PDH-E2 — antibodies to the E2 
subunits of the pyruvate dehydrogenase complex. 



TABLE 3-3. TYPE 2 AUTOIMMUNE HEPATITIS AND AUTOIMMUNE 
POLYENDOCRINOPATHy-CANDIDIASIS-ECTODERMAL 
DYSTROPHy 



Syndromatic components 



Resional predominance 

Inheritance 

Gene mutation 
Impaired sene product 

Implicated autoantisens 
Clinical importance 



Parathyroid adrenal and/or ovarian failure 
Mucocutaneous dystrophy 
Ectodermal dystrophy 
Autoimmune hepatitis (15%) 

Autoimmune thyroiditis, insulin-dependent diabetes, 
pernicious anemia (uncommon) 

Finland 

Sardinia 

Mendel ian/autosomal recessive 
No sender or HLA associations 
Chromosome 21q22.3 

Impaired function of AIRE involved in negative selection of 
autoreactive immunocytes by thymus may enhance 
autoimmune propensity 

P450 IA2 
P450 IIA6 

Sinsle s^ne basis for autoimmune hepatitis 

Multiple extrahepatic manifestations not to be confused 
with concurrent immune diseases associated with 
conventional type 2 autoimmune hepatitis 

Possibly more aggressive liver disease 



Table 3-3. 



Type 2 autoimmune hepatitis and autoim- 
mune polyendocrinopathy-candidiasis- 
ectodermal dystrophy (APECED). APECED 
is an autoimmune disease, most common 
in Finland and Sardinia, that is character- 
ized by endocrine organ failure (parathy- 
roid, ovary, adrenal), mucocutaneous 
candidiasis, and ectodermal dystrophy in 
various syndromatic combinations that 
include autoimmune hepatitis [148,149]. 
APECED is inherited in mendelian fashion, 
and its gene has been localized on chromo- 
some 21q22.3 [150,151]. The gene product 
is an autoimmune regulator (AIRE) that 
modulates the negative selection of autore- 
active T cells by the thymus. Defective regu- 
lator function can foster autoimmune 
disease. The target autoantigens associated 
with APECED are P450 IA2 and P450 IIA6. 
Type 2 autoimmune hepatitis occurs in 
15% of patients with this syndrome 
[149,152,153]. 
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Figure 3 - 24 . 



Human leukocyte antigens (HLAs) in type 2 autoimmune hepa- 
titis. Preliminary studies indicate an association with B14, DR3, 



and C4A-QO [154]. The linkages among the class I, class II, and 
class III antigens are unknown, and it is unclear how significantly 
these phenotypes differ from those in ethnically matched patients 
with XyP^ 1 autoimmune hepatitis. Studies comparing the HLA 
phenotypes of white patients with type 2 autoimmune hepatitis 
from Germany versus white patients with type 1 autoimmune 
hepatitis from the United States have suggested that the German 
patients have lower frequencies of the DRBl *03 and DRBl *04 
alleles [155]. The German patients also have different frequencies 
for these alleles compared with a North American white healthy 
control population [155]. In Brazil, type 2 autoimmune hepatitis 
has been associated with DRBl *07 [156], and this allele is also 
common among Germans with type 2 disease [155]. Differences in 
genetic susceptibilities may in part explain regional variations in 
the occurrence of type 2 autoimmune hepatitis. 




Recognition of cytochrome monooxygenase P450 IID6 (GYP2D6) 
as the target autoantigen of type 2 autoimmune hepatitis. The 
balance of opinion favors P450 IID6 (GYP2D6) as the target 
autoantigen of type 2 autoimmune hepatitis. The disease is 
associated with high-titer Anti-LKMl and Anti-P450 IID6, which 
are directed against disease-specific epitopes [36]. P450 IID6 
(GYP2D6) is expressed on hepatocyte membrane surfaces 
[157], inactivated in vitro by Anti-LKMl [158], recognized by liver- 



infiltrating T cells [159], and modulated by cytokines that influence 
its display on the hepatocyte membrane surface [160]. Ten percent 
of white adults lack P450 IID6 (GYP2D6), and this deficiency may 
also contribute to variations in disease occurrence in different 
geographic regions and ethnic groups [161]. Anti-LKMl — anti- 
bodies to liver- kidney microsome type 1; Anti-P450 IID6 — anti- 
bodies to P450 IID6; IL — interleukin; TNF — tumor necrosis factor. 



Autoimmune Hepatitis 



59 









Figure 3-26. 



Anti-LKM1 reactivity 
in anti-HCV positive sera 

208 



100 200\ 



Recombinant P450 IID6 

Anti'LKMI reactivity 
in Anti-HCV negative sera 

254 



Core motif amino acid 
sequence for chronic 
hepatitis C with 

273 Anti-LKM1 

/ Amino acid sequences 

,300 400 ^22 



^ Core motif amino acid 

\ sequence for type 2 

271 autoimmune hepatitis 



Epitopes for antibodies to liver-kidney microsome type 1 (Anti- 
LKMl) on recombinant P450 IID6 (CYP2D6) in patients with and 
without hepatitis C virus (HCY) infection. The core amino acid 
sequence 254-271 is recognized by sera from patients with Anti- 
LKMl and no evidence of HCV infection [81]. The amino acid 
sequence 208-273 is recognized by the majority of sera obtained 
from patients with Anti-LKMl and HCV infection [81]. The 
different immunoreactivities suggest that the Anti-LKMl anti- 
bodies are different in patients with and without HCV infection. 
Anti-LKMl — antibodies to liver-kidney type 1; Anti-HCV — anti- 
bodies to HCV. 





Hepatitis C virus genomic homology 













Figure 3-27. 



Amino acid sequences within P450 11D6 
(CYP2D6) that are recognized by antibodies 
to liver-kidney microsome type 1 (Anti- 
LKMl) and the presence of homologies 
with other epitopes. The smallest epitope of 
recombinant P450 11D6 recognized by Anti- 
LKMl is eight amino acids [36]. The 
majority of antibodies will react against a 
3 3 -amino-acid epitope. Amino acid 
sequences within the Anti-LKMl epitope 
have homology with the hepatitis C virus 
genome, the genome of herpes simplex type 
1, and GOR-47 [36]. These homologies 
suggest that cross-reacting antibodies may 
be generated by any of these antigens. 



(TYPE 3 AUTOU4MUNE HEPATITIS 




Figure 3-28. 



Clinical and immunoserologic features of type 3 autoimmune 
hepatitis. Type 3 autoimmune hepatitis is characterized by the 
presence of antibodies to soluble liver antigen/liver pancreas (Anti- 
SLA/LP) [82,83]. The clinical and immunoserologic profiles 
resemble those of type 1 autoimmune hepatitis [90,92], and the 
validity of type 3 autoimmune hepatitis as a distinct clinical entity 
remains uncertain [7,45]. ANA — antinuclear antibodies; Anti- 
PDH-E2 — antibodies to the E2 subunits of the pyruvate dehydro- 
genase complex; SMA — smooth-muscle antibodies. 
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Figure 3-29. 









Immunoprecipitation of RNA by sera from patients with autoim- 
mune hepatitis demonstrate reactivity to tRNP(^®dSec main 
antigenic target of antibodies to soluble liver protein/liver pancreas 
(Anti-SLA/LP) is a 50-kD protein within the cytosol of the hepato- 
cyte [40,162,163], This antigen is a transfer ribonucleoprotein 
complex (tRNPt^®’')^^^) involved in the incorporation of selenocys- 
teine into polypeptide chains [40], Recombinant SLA/LP protein 
derived from a prokaryotic bacterial cell system shares homologies 
with viral proteins, but Anti-SLA/LP do not cross-react with the 
homologous peptide sequences of the human herpes virus 6 and 
the human papillomavirus [164], Molecular mimicry with viral 
antigens does not seem to be the basis for the development of 
Anti-SLA/LP, and the autoantigen response in this form of autoim- 
mune hepatitis appears to be driven solely by the SLA/LP protein 
[164], {Adapted from Costa eta!. [40].) 



TABLE 3-4, CLINICAL FEATURES OF ANTIBODIES TO SOLUBLE LIVER 
ANTIGEN-LIVER PANCREAS 



Frequency 



Global prevalence in AIH 



Genetic association 
Diagnostic value 



Prognostic value 
Assay types 



Potential clinical applications 



Nonautoimmune liver disease (5/426 [1%]) 

General medical disease (0/255 [0%]) 

Autoimmune hepatitis (69/419 [16%]) 

Germany (19%) 

Brazil (17%) 

United States (15%) 

Japan (7%) 

DRB1*030H3Z%) 

Reclassification of cryptogenic hepatitis (18%-40%) 
Sensitivity for AIM (16%) 

Specificity for AIH (99%) 

Relapse after drug withdrawal (100%) 

Prokaryotic 
Commercial kit 
Low sensitivity 
Eukaryotic 

Based on tRNP^'^^'^^ 

Preserves conformational epitopes 
High sensitivity (58%) 

Marker of severe disease and poor outcome 
Reclassification of cryptogenic hepatitis 
Surrogate marker for DRB1*0301 
Clarification of principal nature of variant syndromes 
Definition of treatment endpoint 
Prognostic marker 



Table 3-4. 



Clinical features of antibodies to soluble liver 
antigen-liver panaeas (Anti-SLA/LP). 
Antibodies to soluble liver antigen/liver 
panaeas identify individuals with autoim- 
mune hepatitis who relapse after corticosteroid 
withdrawal [43,91,93]. The antibodies are 
closely associated with HLA DR3 [43], and 
they may be surrogate markers of a genetic 
propensity to relapse. Antibodies to SLA/LP 
have a global distribution, but they are less 
common in Japanese patients, possibly 
because HLA DR3 is unusual in this ethnic 
group [91,111,112]. Assays based on the recom- 
binant antigen derived from a prokaryotic 
bacterial system have high specificity for 
autoimmune hepatitis but a low sensitivity 
[91]. Assays based on recombinant 
derived from a eukaryotic cell system that 
conserves conformational epitopes have a high 
sensitivity for the disease [165]. Similarly, 
assays that contain a 35-kD recombinant 
protein (SLA-p35) may also have increased 
sensitivity and specificity [166]. Antibodies to 
recombinant are also associated 

with HLA DR3, and they identify patients who 
have severe histologic activity, long treatment 
requirements, and frequent death from hepatic 
failure or need for liver transplantation [165]. 
Antibodies to SLA/LP are present in up to 40% 
of patients with cryptogenic chronic hepatitis, 
and they may be useful in the reclassification of 
these patients [90,91]. A commercial prokary- 
otic assay for the detection of Anti-SLA/LP has 
recently been approved by the US Food and 
Dmg Administration, and it is available as a 
clinical tool. AIH — autoimmune hepatitis. 
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TABLE 3-5. AUTOAKTI BODIES ASSOCIATED WITH AUTOIMMUNE HEPATITIS 


Autoantibody species 


Target antigen(s) 


Implication(s) 


Nuclear 


Centromere 


Type 1 hepatitis 




52K SSA/Ro 


Epiphenomenon 




Histones 

Ribonucleoproteins 
Nucleosome (chromatin) 
Complex subceHular particle (?) 


May affect nuclear functions 


Smooth muscle 


Actin (F,G) 


Type 1 hepatitis 




Tubulin 

Intermediate filaments 


Nonactin activity in viral disease 


Actin 


Polymerized F actin 


High specificity in type 1 hepatitis 

May facilitate surface binding of antibody 

Identifies subgroup with poor long-term outcome 


Liver-kidney microsome 


P450 II D6 (CYP2 D6) 


Type 2 hepatitis 


type 1 




Inhibits P450 IID6 

Can be present in chronic hepatitis C 


P450 IID6 


Recombinant P450 IID6 


Type 2 hepatitis 


254-271 core motif 


Synthetic peptides of P450 IID6 


Type 2 hepatitis 


Liver cytosol 1 


Formiminotransferase 


Identifies young patients with severe disease type 2 


Soluble liver antigen/liver-pancreas 


cyclodeaminase 


hepatitis 




50-kD cytosolic protein 


Type 3 hepatitis 




tRNAtSer)S«c 


Associated with relapse and HLA-DR3 
Reclassifies cryptogenic hepatitis 
Possible marker of poor outcome 
Type 3 hepatitis 
Cryptogenic marker 


Asialoglycoprotein receptor 




Autoimmune marker 


Perinuclear anti neutrophil cytoplasmic 


Transmembrane glycoprotein 


Associated with relapse after drug withdrawal 


antibodies 


Neutrophil granule components 


High titer 
High frequency 
IgGI isotype 
Type 1 hepatitis 

Reclassifies cryptogenic hepatitis 



Table 3-5 



Antibodies associated with autoimmune hepatitis. The conven- 
tional antibodies used in the diagnosis of autoimmune hepatitis 
are antinuclear antibodies (ANA), smooth-muscle antibodies 
(SMA), and antibodies to liver-kidney microsome type 1 (Anti- 
LKMl) [7,8,35]. Antibodies that are useful in the evaluation of 
cryptogenic chronic hepatitis are antibodies to soluble liver 
antigen/liver pancreas (Anti-SLA/LP) [90,91] and perinuclear anti- 
neutrophil cytoplasmic antibodies (pANCA) [105,108]. Antibodies 



associated with severe disease or poor treatment outcome are anti- 
bodies to liver cytosol type 1 (Anti-LCl) [144,146], antibodies to 
actin (antiactin) [42], and Anti-SLA/LP [43,165]. Antibodies that 
identify patients who are likely to relapse after corticosteroid with- 
drawal are antibodies to asialoglycoprotein receptor (Anti-ASGPR) 
[37,39] and Anti-SLA/LP [43,93]. As autoantibodies are fully char- 
acterized, they may identify pertinent target antigens, improve 
diagnostic precision, and have prognostic value [35]. 
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I CRYPTOGENIC ("AUTOANTIBODY-NEGATIVE”) CHRONIC HEPATITIS 




Figure 3-30. 



Cryptogenic chronic hepatitis ("autoantibody-negative autoim- 
mune hepatitis") is indistinguishable from type 1 autoimmune 
hepatitis by class 1 and class 11 human leukocyte antigens (HLA) 
and responses to corticosteroids [70,86]. These patients satisfy all 
criteria for autoimmune hepatitis, including histologic features 
[70,86,119]. Their lack of conventional serologic markers is the 
only finding that differentiates them from classical disease. They 
are correctly designated as having oyptogenic chronic hepatitis, 
but their autoimmune nature may have escaped detection by 
conventional testing [70,84,85]. Other autoantibodies that may be 
useful in supporting an autoimmune nature are antibodies to 
soluble liver antigen/liver pancreas (Anti-SLA/LP) [90,93], perinu- 
clear antineutrophil cytoplasmic antibodies (pANCA) [105,108], 
and IgA endomysial antibodies or tissue transglutaminase anti- 
bodies [167]. Exclusion of celiac sprue is an important considera- 
tion in assessing an apparent cryptogenic chronic liver disease 
because gluten restriction may be an effective treatment of the liver 
disease [167]. Autoantibody-negative patients must be differenti- 
ated from those with cryptogenic chronic liver disease, who typi- 
cally have a nondescript, end-stage, inactive cirrhosis [168]. 
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Figure 3-31. 



Reclassification of cryptogenic ("autoantibody-negative") chronic hepatitis by novel 
autoantibodies and serial testing for conventional immunoserologic markers. 
Autoantibody-negative hepatitis can be reclassified as autoimmune hepatitis by repeated 
testing or by assessments for antibodies to soluble liver antigen/liver-pancreas (Anti- 
SLA/LP) [90,93], perinuclear antineutrophil cytoplasmic antibodies (pANCA) [105,108], 
or IgA endomysial antibodies [167]. Smooth-muscle antibodies (SMA) and antinuclear 
antibodies (ANA) may not be detected at initial screening, and sequential testing may be 
necessary to disclose their presence late in the course of the disease [44]. Despite the 
enhanced battery of immunoserologic tests, many cases are unable to be classified as 
autoimmune in nature [2]. 
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I PATHOGENESIS 
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Figure 3-32. 



Pathogenic hypothesis based on antibody-dependent, cell-mediated cytotoxicity. The prin- 
cipal immunomodulatory defect in an antibody-dependent, cell-mediated form of cyto- 



toxicity is a dysregulation of T-cell function 
(presumably a suppressor defect) that 
favors unregulated production of IgG by 
plasma cells [20-22,169,170]. IgG 
complexes with normal proteins on the 
hepatocyte surface and forms surface aggre- 
gates that can be targeted by natural killer 
cells with Fc receptors [171] . The interac- 
tion between the antigen-antibody complex 
and the natural killer cell results in cytolysis 
[21,170,171]. Natural killer cells do not 
require prior sensitization to a specific 
antigen, but the antibody complex does 
provide some antigen specificity. Proposed 
initiating factors include viral infection, 
drug exposure, or environmental agents, 
and the development of disease is facili- 
tated by a genetically susceptible host 
[20,170]. Gorticosteroids improve only 
nonantigen-spedfic T-cell dysfunction. 
Antigen-specific T-cell dysfunction is not 
affected by corticosteroid therapy, and the 
immune mechanisms responsible for the 
disease may persist [20,170]. P450 IID6 
(GYP2D6) and asialoglycoprotein receptor 
(ASGPR) are self-antigens that may perpet- 
uate antibody production by mimicking 
the foreign antigen trigger [22]. [Adapted 
from Gzaja [20].) 
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Figure 3-33. 



Pathogenic hypothesis based on cell-mediated cytotoxicity. The principal immunoregu- 
latory defect in a cell-mediated form of cytotoxicity is the failure to distinguish foreign 



antigens from self-antigens (molecular 
mimicry) [20-22,170]. Self-antigens, such 
as asialoglycoprotein receptor (ASGPR) 
and P450 IID6 (GYP2D6), may have 
epitopes that resemble viral, drug or envi- 
ronmental antigens. The foreign antigens 
can then trigger an immune response that 
is sustained by reactivity to self-antigens. 
The self-antigens are presented by profes- 
sional antigen-presenting cells (shown 
here theoretically as the hepatocyte) that 
express the self-peptide within the 
antigen-binding groove of a class II mole- 
cule of the major histocompatibility 
complex (MHG). The complex of anti- 
genic peptide and class II molecule of the 
MHG activates GD4 T-helper cells, and a 
cascade of immune reactions follows that 
result in the clonal expansion of antigen- 
specific, liver-infiltrating, cytotoxic T cells. 
These cytotoxic T cells are the effectors of 
liver cell injury, and their activation and 
proliferation are modulated by the 
cytokine milieu. Glass I antigens, which 
are normally present on the hepatocyte 
membrane, may also facilitate direct 
expression of these same target antigens to 
immature cytotoxic T cells. Their activa- 
tion and clonal expansion can also lead to 
cytodestruction [20,170]. [Adapted from 
Gzaja [20].) 
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Figure 3-34. 
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Genetic bases for autoimmune hepatitis. DRBl *0301 and 
DRBl *0401 are the susceptibility alleles for type 1 autoimmune 
hepatitis in white North American and northern European 
patients, and they each encode the same six amino acid sequence 
within class 11 molecules of the major histocompatibility complex 
(MHC) [23-26,114]. This sequence is represented by the code, 
LLEQKR, and it exists between positions 67 and 72 of the DR(3 
polypeptide chain [114,115]. Susceptibility to autoimmune hepa- 
titis is influenced mainly by the presence of lysine (K) at position 
DRP71, which is at the critical contact point between the autoanti- 
genic peptide, antigen-binding groove of the class 11 MHC mole- 
cule, and the receptor of the CD4 T-helper cell [114,115]. Class II 
MHC molecules with lysine in this position may be better able to 
orient self-peptides for immunocyte activation. They may also 
form dimers across the surface of the antigen-presenting cells and 
increase the vigor of immunocyte stimulation [23-26]. L — leucine; 
E — glutamic acid; Q — glutamine ; K — Lysine; R — Arginine. 



TABLE 3-6* "SHARED MOUF" HYPOTHESIS OF GENETIC SUSCEPTIBILITY 



Ethnic Group 


Susceptibility Allele(s) 


Critical Encoded Motif (DR367-72) 


White North American and northern Europe 


DRBl *0301 


LLEQ K R 




DRBl *0401 


LLEQ K R 


Mestizo Mexicans 


DRBl *0404 


LLEQ R R 


Japanese 


DRBl *0405 


LLEQ R R 


Arsentine (adults) 
Arsenti ne (children) 


DRBl *1301 


ILED E R 


Brazilian (adults and children) 

White North American and northern Europe 


DRB1*1501 


ILEQAR 



Table 3-6^ 



"Shared motif" hypothesis of pathogenesis. The identical six amino 
acid sequence between DRP67-72 is encoded by the susceptibility 
alleles, DRBl *0301 and DRBl *0401, in white North American and 
Northern European patients [23-26]. The susceptibility allele for 
autoimmune hepatitis among Mestizo Mexicans is DRBl *0404 
[172]. Among Japanese [112] and adult Argentine patients with 
autoimmune hepatitis [173,174], the susceptibility allele is 
DRBl *0405, DRBl *0404 and DRBl *0405. Each encode an argi- 
nine (R) instead of a lysine (K) at position DRP71. Arginine is a 
positively charged amino acid that is similar to lysine in its phys- 
ical properties. Its substitution for lysine would not greatly change 
the antigen-binding groove of the class II MHC molecule and affect 
autoantigen presentation. In contrast, DRBl *1501 protects against 



autoimmune hepatitis in white northern Europeans and North 
Americans, and it encodes an isoleucine (I) for leucine (L) at 
DR(367 and an alanine (A) for lysine (K) at position DRP71 
[114,115]. Alanine is a neutral, nonpolar amino acid whose substi- 
tution for lysine would greatly affect autoantigen presentation. In 
this fashion, a single amino acid substitution at a critical location 
can protect against the disease. The "shared motif" hypothesis of 
pathogenesis does not accommodate recent studies that have 
implicated DRBl *1301 as a susceptibility factor among Argentine 
children [173,174] and Brazilian patients [156,175,176]. 

DRBl *1301 encodes a glutamic acid (E) at DRP71, and this critical 
substitution greatly alters the stereotactic properties of the antigen 
binding groove. A — alanine; E— glutamic acid; I— isoleucine; L — 
leucine; Q — glutamine ; K — Lysine; R — Arginine. 
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Figure 3 - 35 « 
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"Molecular footprint" hypothesis of pathogenesis. Patients with 
susceptibility genes that favor infection or injury to region-specific 
indigenous agents may be selected to develop autoimmune hepa- 
titis because of increased vulnerability to the triggering agent. The 
susceptibility genes for autoimmune hepatitis in different regions 
or ethnic groups may be "footprints" of the indigenous etiologic 
agent [25,26]. DRBl *1301 is the susceptibility allele for autoim- 
mune hepatitis in South America, especially among Brazilian 
[156,175,176] and Argentine children [173,174]. DRBl *1301 has 
also been associated with protracted infection with hepatitis A 
virus (HAV) [177]. HAV infection has been implicated as a trigger 
for autoimmune hepatitis [12], and DRBl *1301 among HAV- 
infected children may prolong their exposure to viral and/or liver 
antigens that induce autoimmune hepatitis [177]. Other genetic 
phenotypes may confer susceptibility to autoimmune hepatitis 
triggered by other agents. In different regions of the world, the 
susceptibility alleles for autoimmune hepatitis may reflect the 
genetic background favored by the indigenous etiologic agent. 
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Genetic polymorphisms affecting suscepti- 
bility. Multiple genetic polymorphisms 
probably modulate the cytokine microenvi- 
ronment and influence cell-mediated cyto- 
toxicity [21,23,24]. Constellations of these 
polymorphic genes can affect susceptibility 
and severity of autoimmune hepatitis alone 
or in synergy (epistasis) with the principal 
susceptibility alleles [DRBl *0301 and 
DRBl *0401) of the major histocompati- 
bility complex (MHC). Polymorphisms 
have been described of the tumor necrosis 
factor-a gene [TNFA*2) [178,179] and the 
cytotoxic T-lymphocyte antigen 4 gene 
[CTLA4) [180], which associate with 
DRBl *0301 and affect the clinical manifes- 
tations of autoimmune hepatitis. CTLA4 
blocks the second costimulatory signal of 
immunocyte activation by competing with 
the CD28 ligand of the CD4 T-helper cell 
for the B7 ligands of the antigen-presenting 
cell. A polymorphism of the CTLA4 gene 
can attenuate the autoimmune response. In 
contrast, a polymorphism of the TNFA gene 
can result in excess production of tumor 
necrosis factor-a (TNF-a) and stimulate 
clonal expansion of CD8 cytotoxic T 
lymphocytes (CTL), which are the 
effectors of liver cell injury. MHC — major 
histocompatibility complex; TCR — T-cell 
antigen receptor. 
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Figure 3-37. 



Outcomes that justify corticosteroid therapy in autoimmune hepa- 
titis and the preference for a combination schedule of prednisone 
and azathioprine. Controlled clinical trials have demonstrated that 
corticosteroids ameliorate symptoms, improve laboratory abnor- 
malities, induce histologic remission, and enhance immediate 
survival in patients with severe autoimmune hepatitis [8]. 
Prednisone alone or a lower dose in combination with azathio- 
prine induces clinical, laboratory, and histologic remission with 
comparable efficacy and at a significantly higher frequency than 
nonsteroidal or placebo (control) medication [134,181,182]. The 
combination regimen is preferred because it has significantly fewer 
side effects than the regimen using a higher dose of prednisone 
alone [183]. The asterisk indicates significantly different results 
from prednisone alone or prednisone in combination with 
azathioprine compared with control medications. The dagger indi- 
cates a significantly lower frequency of treatment-related side 
effects with prednisone in combination with azathioprine than 
with a higher dose of prednisone alone. 
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Figure 3-38. 



Criteria for instituting corticosteroid therapy and selecting the 
appropriate treatment regimen. Disease severity, as assessed by 
symptoms, laboratory tests, and histologic examination, is the 
principal determinant for treatment [1,4,8,20,48-51,87,102]. 
Prednisone in combination with azathioprine is the preferred 
therapy, but it may not be indicated in all patients. Previously 



untreated postmenopausal patients should be treated as vigorously 
as their premenopausal counterparts. Consequences such as verte- 
bral compression develop mainly after multiple relapses and 
retreatments [184]. All forms of autoimmune hepatitis are 
managed similarly [7,8]. AST — aspartate aminotransferase. 
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Figure 3-39. 



Mechanisms of dmg action. Prednisone is converted by the liver to the active metabolite, pred- 
nisolone [49,50]. Prednisolone binds to glucocorticoid receptors (GR) within the cytoplasm, 
and the complex translocates to the nucleus where it binds to glucocorticoid response elements 
(GRE) in the promoter region of various cytokine genes. Gytokine gene expression is inhibited. 



and the production of key immune mediators 
are suppressed, including interleukin (lL)-2, - 
4, -5, -6, -8, -12, interferon gamma (INF-y), 
and tumor neaosis factor-a (TNF-a). 
Prednisolone can also induce production of 
the inhibitor to nuclear factor-KB (I-kB) and 
thereby inhibit cytokine transcription 
[185-188]. Azathioprine is converted to 6- 
mercaptopurine, which is then transformed to 
6-thioguanines by hypoxanthine guanine 
phosphoribosyl transferase (HGPT) or inac- 
tive metabolites by thiopurine methyltrans- 
ferase (TPMT) [49,50]. The 6-thioguanines are 
the active metabolites that block purine 
nucleotide synthesis, inhibit the cell cycle, and 
limit lymphocyte proliferation [189]. Eleven 
percent of patients have heterozygosity of the 
gene encoding TPMT, and they have interme- 
diate activity of the enz)nne that inactivates 6- 
MP [190,191]. Deficient TPMT activity 
inaeases the concentration of 6-thioguanines 
and theoretically increases the efficacy of the 
dose and/or the risk of side effects. Serious 
low TPMT activity occurs in 0.3% of the 
population. Pretreatment determination of 
TPMT activity has been proposed as a safe- 
guard against possible dmg toxicity [8,192]. 



■ TREATMENT RESULTS 




Figure 3-40. 



Probabilities of clinical, laboratory, and histologic remission 
during corticosteroid therapy. The majority of patients (85%) who 
enter remission during therapy do so within 3 years [1,4,48-51]. 
The average duration of treatment to achieve remission is 22 
months [1,75,87]. Because histologic remission lags behind clin- 
ical and biochemical remission by 3 to 8 months, treatment 
should be continued for at least this long following laboratory 
resolution [134]. A liver biopsy assessment is useful to establish a 
confident treatment endpoint [193,194]. 
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Figure 3-41 ♦ 




Survival expectations and probability of developing cirrhosis 
during and after corticosteroid treatment. Cirrhosis develops in 
47% of patients within 10 years after presentation despite corticos- 
teroid treatment [55]. The highest probability of developing 
cirrhosis is during initial therapy when the disease is most active. 
The mean annual incidence of cirrhosis after initial remission is 
2.6% [55]. The 10-year survival of treated patients with type 1 
autoimmune hepatitis is 93%, and it is no different than in an age- 
and sex-matched normal population from the same geographic 
region [56]. Individuals with histologic cirrhosis at presentation or 
who have developed histologic cirrhosis during or after therapy 
have a 5-year survival that is not statistically different than that of 
patients without cirrhosis at presentation [56]. These findings 
suggest that the prognosis of cirrhosis after treatment is related to 
the stage of the disease and the degree of inflammatory activity 
accompanying the process. The excellent survival of treated 
patients with cirrhosis underscores the importance of instituting 
prompt and vigorous therapy in these individuals [56]. 
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Relapse after remission and drug withdrawal. Relapse after drug 
withdrawal occurs in 50% to 86% of patients [52,53,194,195]. 
Reinstitution of the original treatment regimen typically induces 
another remission, but the probability of another relapse after drug 
withdrawal increases [52]. Premature drug withdrawal [193], 
incomplete histologic resolution [194], persistence of antibodies to 
asialoglycoprotein receptor (Anti-ASGPR) [37,39] and/or anti- 
bodies to soluble liver antigen/liver pancreas (Anti-SLA/LP) 
[43,93,165], and the presence of HLA-B8 [113], and/or DRRl *0301 
[110,116] are factors that herald relapse. Progression to cirrhosis 



during initial therapy is also typically associated with relapse after 
drug withdrawal [194]. The presence of portal plasma cells in liver 
biopsy tissue prior to drug withdrawal has a high positive 
predictability for relapse (92%), but these cells are found in only 
31% of patients who relapse [196]. The principal consequences of 
relapse and re-treatment are drug-induced side effects that 
diminish the net benefit to risk ratio of therapy [53]. Treatment to 
a normal histologic endpoint reduces the probability of relapse to 
20% [194]. 
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Adverse responses to corticosteroid therapy and treatment strate- 
gies. Patients may develop serious drug toxicides, deteriorate 
despite compliance with the treatment regimen [ie, treatment 
failure), or fail to achieve remission after protracted therapy [ie, 



incomplete response) [1,8]. These outcomes justify changes in the 
original treatment strategy. Liver transplantation is an option for 
the decompensated patient [197]. 
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Figure 3-44. 



Hepatocellular carcinoma and extrahepatic malignancy in corticosteroid-treated autoim- 
mune hepatitis. Hepatocellular carcinoma can develop in patients with autoimmune hepa- 
titis and cirrhosis, but this occurrence was only 1% during 1002 patient-years of observation 

[198] . In patients with cirrhosis of at least 5 years duration, the incidence of hepatocellular 
carcinoma was only one per 965 patient-years of follow-up. This incidence is lower than 
reported in earlier studies that had predated the discovery of the hepatitis C vims (HCV) 

[199] . Investigations that have screened for infection with hepatitis B vims (HBV) and HCV 



by second-generation assays have demon- 
strated a low risk of liver malignancy in 
autoimmune hepatitis [198]. Furthermore, 
studies testing for HCV RNA in the blood 
and liver tissue of patients with autoimmune 
hepatitis and hepatocellular cancer have 
demonstrated HCV infection in those indi- 
viduals with tumor [200]. These findings 
suggest that the risk of malignancy in these 
patients relates mainly to a coincidental viral 
infection. As individuals with cirrhosis live 
longer with effective therapy, the risk of 
hepatocellular carcinoma may increase. 
Annual determinations of semm a-fetopro- 
tein level and hepatic ultrasonography 
should be considered in these cases until the 
tme effectiveness of this strategy is deter- 
mined [198,199]. The overall low incidence 
of malignancy in autoimmune hepatitis 
precludes firm surveillance recommenda- 
tions, and follow-up protocols must be 
determined on an individual basis 
[199,201]. The risk of extrahepatic malig- 
nancy is higher than normal in treated 
patients but does not contraindicate the use 
of potentially lifesaving immunosuppressive 
medications in well-selected patients [202]. 
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Human leukoq^e antigens (HLA) and disease behavior. The clin- 
ical expression of autoimmune hepatitis and its behavior during 
and after corticosteroid therapy are different in white North 
American and northern European patients depending on the HLA- 
DR3 and HLA-DR4 phenotype. Patients with HLA-DR3 have more 
severe and aggressive liver disease than patients with HLA-DR4 
[25,100]. Patients with HLA DR4 are typically older, more 
commonly women, and more frequently afflicted with concurrent 
immune diseases than patients with HLA-DR3 [25,100]. High-reso- 
lution DNA-based techniques have indicated that the DRBl *0301 
allele is associated with early age of onset, poor response to treat- 
ment, and increased frequency of death from hepatic failure or 
requirement for liver transplantation [101]. The DRBl *0401 allele 
is associated with female preponderance, concurrent immune 
diseases, and treatment responsiveness [101]. HLA-DR3 is unusual 
among the Japanese, and autoimmune hepatitis in this population 
is associated with HLA-DR4 [111,112]. This association may explain 
in part the late onset, mild nature, and nonaggressiveness of the 
liver disease in these patients. ANA — antinuclear antibodies; AST — 
aspartate aminotransferase. 
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Immediate treatment response as a prog- 
nostic index. There are no findings at pres- 
entation that confidently predict prognosis. 
Outcome can only be determined after 
assessment of response to corticosteroid 
therapy. Usually, this assessment can be 
done after 2 weeks of treatment. Prognosis 
is poorest in patients with multilobular 
necrosis at presentation [102]. If the hyper- 
bilirubinemia in these patients does not 
improve within 2 weeks, death usually 
occurs within 6 months, and expeditious 
evaluation for liver transplantation is 
warranted [102]. Improvement or normal- 
ization of any test during this interval of 
corticosteroid treatment predicts immediate 
survival in 92% [102]. 
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Failure to enter remission after protracted treatment as a prognostic 
index. The majority of patients enter remission within 3 years after 
institution of treatment [1,8,194]. Failure to enter remission is 
associated with a risk of deterioration, and this risk increases with 
the duration of time that remission is not achieved [197]. Sixty- 
nine percent of patients who have not entered remission after 4 
years of continuous therapy deteriorate and become candidates for 
liver transplantation. The most common manifestation of decom- 
pensation is the development of ascites [197]. 
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I TREATMENT SCHEDULES 



TABLE 3-7. RECOMMENDED PREDNISONE TREATMENT SCHEDULES 
FOR AUTOIMMUNE HEPATITIS 



Daily doses alone, m3 Daily doses with 50 mg azathioprine 



Weeki 


60 


30 


Weeks 


40 


20 


Week 3 


30 


15 


Week 4 


30 


15 


Until endpoint 


20 


10 



Table 3-7. 



Recommended treatment schedules for 
autoimmune hepatitis. Regimens are 
designed to control inflammatory activity 
rapidly with high initial doses. The dose of 
prednisone is then reduced systematically 
over a 4-week period until a fixed daily 
maintenance dose is achieved [1,8,48-51]. 
A lower dose of prednisone can be used 
when combined with a fixed dose of 
azathioprine (50 mg daily). Laboratory 
tests are performed at the 2-week and 3- 
month intervals to document disease 
response [48-51]. After 3 months, testing at 
6-month intervals is appropriate. The daily 
maintenance dose should not be reduced 
until clinical, laboratory, and histologic 
remission has been achieved. Treatment 
failure or major drug-related toxicity is the 
only indication for interim dose adjust- 
ment [1,8,48-51]. 



I MANAGEMENT OF SUBOPTIMAL RESPONSES 



TABLE 3-8. PREDNISONE TREATMENT FAILURE REGIMENS 



Daily doses alone, m3 Daily doses (with azathioprine), ma 



Month 1 


60 


30(150) 


Month 2* 


50 


20(100) 


Month 3* 


40 


10(50) 


Month 4* 


30 


10(50) 


Month 5* 


20 


10(50) 



*Dose reductions edch month only if dinical ^nd bbordtory improvement 



Table 3-8* 



Treatment failure regimens. Worsening of the serum aspartate aminotransferase level, 
increase in the serum bilirubin level by at least 67% of the pretreatment value, worsening 
of the histologic pattern of inflammatory activity, development of ascites, or emergence of 



endogenous encephalopathy during treat- 
ment connotes treatment failure 
[1,8,48-51]. Doses higher than conven- 
tional regimens are warranted. Fixed doses 
must be administered for at least 1 month 
before attempting dose reduction. Dose 
reductions each month are justified by 
sustained clinical and biochemical 
improvements. When conventional mainte- 
nance doses are reached, no further dose 
reductions are necessary until remission is 
achieved. The high-dose regimens induce 
clinical and laboratory improvement in 
75% of patients within 2 years, but histo- 
logic remission is achieved in only 25% 
[203]. These patients commonly become 
dependent on indefinite immunosuppres- 
sive therapy and are at risk for drug-related 
side effects and disease progression. 
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Figure 3 - 48 . 




Treatment strategies after multiple relapses. 
The benefit to risk ratio of re-treatment 
with conventional regimens after at least 
two relapses diminishes greatly because the 
frequency of treatment-related side effects 
increases to 70% [53]. Low-dose indefinite 
corticosteroid therapy adequately controls 
inflammatory activity and is well tolerated 
[204]. Indefinite azathioprine therapy (2 
mg/kg/d) is another option [205,206]. 
Low-dose prednisone and indefinite 
azathioprine maintenance therapies have 
not been compared head-to-head, and 
there is no objective basis for preference. A 
sustained remission is still possible in 28% 
of patients who have relapsed previously 
and been re-treated with long-term mainte- 
nance regimens. This possibility can be 
assessed only by periodic dose reduction 
and efforts at drug withdrawal [54]. 
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Liver transplantation for decompensated autoimmune hepatitis. 
The 5-year survival of patient and graft after liver transplantation 
for autoimmune hepatitis is 92% [197], and the 10-year actuarial 
survival is 75% [207]. Autoantibodies and hypergammaglobu- 
linemia disappear within 2 years [197]. Recurrence is recognized in 
17% of patients after 5+1 years, usually in individuals who are 
inadequately immunosuppressed [208]. Adjustments in the 
immunosuppressive regimen are typically sufficient to treat the 
disorder. Nevertheless, progression to cirrhosis and graft failure can 
still occur in rare patients [209]. Autoimmune hepatitis develops 
de novo in 2.5% to 3.4% of recipients who undergo transplanta- 
tion for nonautoimmune disease [210-214], and treatment with 
prednisone and azathioprine is typically effective in managing this 
condition [215]. Children have a predilection for de novo autoim- 
mune hepatitis, especially those treated with cyclosporine, and the 
occurrence may reflect thymic injury by the drug, impaired apop- 
tosis of autoreactive cells by cyclosporine, or generation of promis- 
cuous lymphocytes activated by multiple exposures to diverse drug 
and viral antigens during the posttransplantation period [216]. 
Patients receiving transplant for autoimmune hepatitis may also 
have a higher frequency of acute and chronic rejection and steroid- 
resistant rejection than other patients [217]. Complete withdrawal 
from corticosteroids after transplantation is possible [218], but 
attempts must be made cautiously [217,219,220]. Autoimmune 
hepatitis should be included in the differential diagnosis of allo- 
graft dysfunction in all patients after transplantation. 
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Treatment strategies for patients with autoantibodies and viral 
markers. Interferon therapy in patients with autoimmune hepatitis 
may exacerbate the liver disease [221-223]. Corticosteroid therapy 
in patients with viral hepatitis can increase virus proliferation 
[224]. Treatment of patients with mixed viral and autoimmune 
features is dictated by the predominant clinical, laboratory, and 
histologic manifestations [33,34,63,65,96]. Patients with autoim- 
mune hepatitis and features of ancient viral infection, false-positive 
viral markers, or uncertain concurrent viral infection are candidates 
for corticosteroid therapy [33,34,63,65]. Patients with true hepa- 
titis C vims (HCV) infection and high titers (>1:320) of smooth 
muscle antibodies (SMA) or antinuclear antibodies (ANA) should 
undergo histologic evaluation before instituting therapy. The pres- 
ence of moderate to severe interface hepatitis and none of the 
features suggesting HCV infection (portal lymphoid aggregates. 



steatosis, or bile duct injury) justify empiric treatment with corti- 
costeroids [33,65,127]. Corticosteroids do not worsen the disease 
in patients with autoimmune hepatitis and coincidental HCV 
infection, and they can induce clinical, laboratory, and histologic 
remission [33,225,226]. Patients with tme viral infection and low 
titers (< 1:320) of SMA, ANA, or antibodies to Iiver<kidney micro- 
some type 1 (Anti-LKMl) are candidates for interferon treatment 
[34,77,143]. Decompensations in patients with tme HCV infection 
and coincidental autoimmune manifestations are rare after inter- 
feron therapy [227,228]. Anti-HAV — antibodies to hepatitis A 
vims; Anti-HBc— antibodies to hepatitis B core antigen; Anti- 
HBs — antibodies to hepatitis B surface antigen; Anti-HCV — anti- 
bodies to HCV; HBsAg — hepatitis B surface antigen; HCV — hepa- 
titis C vims; RIBA — recombinant immunoblot assay. 
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TABLE 3-9. INVESTIGATIONAL TREATMENT CONSIDERATIONS FOR AUTOIMMUNE HEPATITIS 



Imunosuppressants 



Cyclosporine'^ 

Tacrolimus 

Intravenous 

immunoslobin’ 

Brequinar* 

Rapamycin* 

Budesonide^ 

Mycophenolate 

mofetit* 



Inhibits lymphokine release 

Prevents clonal expansion of cytotoxic T cells; inhibits 
IL-2 receptor; impairs antibody production 

Interferes with Fc receptors,- induces suppressor cells; 
anti-idiotypic suppression of autoantibodies 

Inhibits pyrimidine synthesis; prevents lymphocyte 
proliferation 

Blocks after IL-2 and receptor bindins; prevents clonal 
expansion 

Second generation steroid; high first pass clearance in 
liver; metabolites devoid of glucocorticoid activity 

Lymphocyte specific,- inhibits purine synthesis during 
lymphocyte activation; substitute for azathioprine 



*AnGcdotdt experience 
^Open-ldbef triaf 
t Untested hypoMical asents 



Cytoprotective agents 



Ursodeoxycholic acid' 



Alters class I HLA expression; 
reduces hydrophobic bile 
acids; protective physical 
barrier to liver membrane 



Table 3-9* 



Alternative drug therapies for autoimmune hepatitis. Drugs prom- 
ising greater blanket immunosuppression than prednisone and 
azathioprine have emerged mainly from the transplantation arena 
[49 — 51]. None has been established by controlled clinical trial or 
incorporated into standard management algorithms. Most have 
been used as salvage therapies for patients with refractory disease 
or intolerance of the conventional medications. Cyclosporine (5 to 
6 mg/kg/d) has been used successfully as frontline therapy in chil- 
dren and adults with autoimmune hepatitis [58,59], and mycophe- 
nolate mofetil (1 g twice daily) has shown promise in salvaging a 
small number of patients with refractory disease [60]. Brequinar 
and rapamycin have hypothetical advantages that remain to be 



tested [57]. Tacrolimus (4 mg twice daily), a more powerful 
immunosuppressive agent than cyclosporine [229,230], and budes- 
onide (3 mg thrice daily), a second generation corticosteroid with 
inactive metabolites [231], have been evaluated in limited pilot 
studies, and they can improve the laboratory indices of liver inflam- 
mation. Budesonide has not been useful in the management of 
problematic patients on standard therapy, but it may have value as 
frontline treatment in mild disease [232]. Similarly, ursodeoxycholic 
acid (13 to 15 mg/kg/d) has not been useful as adjunctive therapy in 
patients with relapse or treatment failure [233], but an anti-inflam- 
matory action has been demonstrated in a limited number of 
Japanese patients with mild disease [234]. lL-2 — interleukin 2. 
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TABLE 3-10, EVOLVING SITE-SPECIFIC INTERVENTIONS 



Site-specific Intervention 

Blocking peptides 

Soluble CTLA-4 
High-dose oral tolerance 
Low-dose oral tolerance 
T-ce!l vaccination 

Cytokine manipulations with monoclonal antibodies against specific 
cytokines and/or administration of recombinant cytokines 

Gene therapy 



Putative Action 



Synthetic peptides competitively inhibit autoantigen presentation in 
antigen-bindins groove of class It MHC molecule 

Interferes with second costimulatory signal for immunocyte activation 
and dampens immune response 

High doses of fed target antigen induce clonal deletion of 
immunocytes (anergy) 

Low doses of fed target antigen suppress immune response 
(immunosuppression) 

Depletes effector clone of activated cytotoxic T lymphocytes 

Alters cytokine microenvironment to counterbalance milieu favoring 
cytotoxicity 

Administration of genes supportive of regenerative, anti-inflammatory, 
and/or antifibrosis activities 



Table 3-10. 



Evolving site-specific interventions. As the pathogenic mechanisms 
of autoimmune hepatitis are defined, therapeutic interventions 
that target critical sites of immune regulation become feasible. 
Blocking peptides may be useful in attenuating the display of 
autoantigens by the class 11 molecules of the major histocompati- 
bility complex (MHC) [235]. Soluble cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) may be able to block the second costimulatory 
signal involved in CD4 T-helper lymphocyte activation [236]. Oral 
tolerance regimens may stimulate the production of cytokines that 
suppress the immune response (low dose) or induce clonal deple- 
tion of immunocytes (high dose) [237]. T-cell vaccination prevents 
or attenuates disease in animal models of experimental auto- 



immune hepatitis and will become feasible in humans when the T- 
cell clone causing autoimmune hepatitis is identified [62]. 
Recombinant C54okines and monoclonal antibodies against certain 
cytokines may be able to modulate the microenvironment and 
inhibit the cascade of immune interactions that result in liver cell 
injury [57]. Gene therapy may also be valuable in a polygenic 
disorder if genes can be delivered that counteract immunostimula- 
tory cytokines, limit fibrosis, or promote regeneration [238]. The 
further development of site-specific interventions awaits the avail- 
ability of a confident animal model of experimental autoimmune 
hepatitis [239,240]. 
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Figure 3 - 51 . 




Practical approach to corticosteroid resist- 
ance. Failure of patients to respond to 
conventional corticosteroid therapy is 
unusual, and it compels reevaluation of the 
original diagnosis. Concurrent viral infertion 
or a variant S 5 mdrome of autoimmune hepa- 
titis must be excluded. Repeat viral studies, 
liver biopsy examination, and cholangio- 
graphy may be necessary to exclude alterna- 
tive or coexistent diagnoses. Reconfirmation 
of the diagnosis of autoimmune hepatitis 
justifies therapy with a high-dose corticos- 
teroid regimen alone or in conjunction with 
azathioprine for at least one month 
[8,48-51]. Treatment should be continued if 
there is clinical and biochemical improve- 
ment, and the doses of medication should be 
reduced gradually to standard maintenance 
levels after each month of improvement. 
Adjuvant therapy should include a vigorous 
bone maintenance strategy that uses calcium 
supplementation (1 to 1.5 g/d), vitamin D 
(50,000 units once each week), and bisphos- 
phonates if osteopenia is present. Failure to 
improve justifies empiric therapy with 6- 
mercaptopurine (1.5 mg/kg/d) as a substitute 
for azathioprine [241]. Features of deteriora- 
tion despite compliance with these measures 
compel an expeditious evaluation for liver 
transplantation. Mycophenolate mofetil (1 g 
twice daily) [60], cyclosporine (5 to 6 mg/d) 
[59] or taaolimus (4 mg twice daily) 
[229,230] can be tried empirically as a 
salvage therapy if the disease remains unre- 
sponsive. Situations that require salvage ther- 
apies should be supported by a liver trans- 
plantation evaluation.ERCP — endoscopic 
retrograde cholandiopancreatography; PSC — 
primary sclerosing cholangitis. 



I MANAGEMIENT OF VARIANT SYNDROMES 
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Frequencies of variant syndromes. Features of primary biliary 
cirrhosis (PBC) or autoimmune cholangitis (AlC) can be found in 
5% and 7%, respectively, of patients with autoimmune hepatitis 
(AIH) [64]. Conversely, features of autoimmune hepatitis can be 
found in 19% of patients with PBC and 54% of patients with 
primary sclerosing cholangitis (PSC). Among 225 patients with 
autoimmune liver disease, 18% can be classified as having a variant 
form by applying the international scoring criteria for autoimmune 
hepatitis. Variant syndromes are not only common, but they may 
also respond less well to corticosteroid therapy. They should be 
sought in all patients with autoimmune hepatitis who are refractory 
to treatment [64,65]. 
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Responses to corticosteroid therapy. The variant syndromes of 
autoimmune cholangitis (AIC), autoimmune hepatitis and 
primary biliary cirrhosis (AlH + PBC), and autoimmune hepatitis 
and primary sclerosing cholangitis (AIH + PSC) respond variably 
to corticosteroid therapy [64]. Patients with AIH + PBC, defined as 
autoimmune hepatitis with antimitochondrial antibodies (AMA) 
and cholestatic laboratory and histologic features, have outcomes 
after corticosteroid therapy that are comparable with those of 
patients with classic type 1 autoimmune hepatitis. In contrast, 
patients with AIC or AIH + PSC enter remission less commonly 
and die from liver failure or require liver transplantation more 
often [64]. Serum alkaline phosphatase levels of greater than twice 
normal are associated with low frequency of remission during 
corticosteroid treatment [64]. 




Empiric treatment algorithm for variant syndromes. Individuals 
with variant syndromes and serum alkaline phosphatase levels 
above twofold normal do not enter remission on corticosteroid 
therapy, and they are candidates for treatment with ursodeoxy- 
cholic acid [242] or a combination of ursodeoxycholic acid and 
prednisone [64,65,243]. Patients with features of autoimmune 
hepatitis (AIH) and primary biliary cirrhosis (PBC) and serum 
alkaline phosphatase levels less than or equal to twofold normal 
[64,65,244] respond to conventional corticosteroid regimens. 
Patients with features of AIH and PBC and florid duct lesions 



on liver biopsy examination and/or serum alkaline phosphatase 
levels greater than twofold normal respond to therapy with pred- 
nisone in combination with ursodeoxycholic acid [243] and in 
some instances to ursodeoxycholic acid alone [242]. Patients with 
concurrent features of primary sclerosing cholangitis (PSC) 
respond poorly to corticosteroids and ursodeoxycholic acid as 
single agents, but they are candidates for combination therapy. 
Patients with autoimmune cholangitis can be treated with cortico- 
steroids, ursodeoxycholic acid, or both, depending on the serum 
alkaline phosphatase level [64,65]. 
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4 



Acute and Chronic 
Hepatitis B 



Hepatitis B virus (HBV) infection is a serious worldwide public 
health problem with an estimated 300 to 350 million people, 
approximately 5% of the world population, exhibiting 
evidence of chronic infection [1|. Using two large databases to 
measure the health burden of HBV in the United States (US), 
Kim et al. [2] found that age-adjusted mortality had increased 
from 0,1 per 100,000 to 0.4 per 100,000 between the years 
1979 and 1998. Newly acquired HBV infection in the United 
States occurred in approximately 78,000 individuals in the 
year 2001, a significant decrease from the 300,000 cases per 
annum reported in the mid-1980s [2,3]. fhe greatest decline 
occurred among persons 10 to 19 years old (72,5%), followed 
by those 20 to 29 years old (70.6%) and 30 to 39 years old 
{53.4%} (P < 0.001 for each age group, 1982 to 1988 vs 1994 
to 1998) (4|. In 2001, HBV infection accounted for 40% of the 
acute viral hepatitis cases reported in the United States [3j, and 
approximately 4.9% of the US population had been infected 
with HBV, with an estimated 1 to 1.25 million carriers [3|. This 
viral pathogen produces both acute and chronic infection, with 
polymorphic clinical presentations that range from an asymp- 
tomatic carrier state to fulminant disease. 

Hepatitis B virus is an enveloped, partially double-stranded 
DNA virus that displays both nucleotide and protein sequence 
similarity to the retroviruses, suggesting a common ancestry [5]. 
Hepatitis B virus is the only hepadnavirus afflicting humans; 
other members of this family of hepatotropic viruses infect 
other species [5]. These viral pathogens are not believed to be 
cytopathic for hepatocytes under most conditions. Rather, a 
host-mediated immune response to HBV and to HBV peptides 
on hepatocyte membranes results in lysis of the hepatocyte [6| . 

In the acute form, HBV-induced hepatitis is a predominantly 
subclinical, or nonicteric, illness, with approximately 30% of 
patients presenting with jaundice [7|. The vast majority of 
patients with acute HBV will proceed to recovery, but a small 
proportion (5% to 8%) will progress to a chronic carrier state 
not necessarily associated with inflammatory changes in the 
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liver [8]. The risk of developing chronic HBV infection is 
increased if the patient is immunosuppressed or acquires the 
virus at a young age [9-14], 

The consequences of a chronic HBV infection, with 
concomitant evidence of active viral replication, include 
progressive liver disease, hepatic failure, and hepatocellular 
carcinoma [14], These potential sequelae provide ample 
motivation for clinicians to engage in therapeutic efforts to 
decrease both the morbidity and mortality produced by the 
virus in patients with chronic HBV. Interferon alfa, the 
second-generation nucleoside analogue lamivudine (3-thiacy- 
tidine), and adefovir dipivoxil, a nucleotide analogue of 
adenosine, are licensed in the US for use in the treatment of 
chronic HBV The interferons are antiviral and immunomod- 
ulating proteins with proven efficacy in promoting disease 



remission in 30% to 40% of patients with chronic HBV 
[15-17]. Lamivudine and adefovir as therapeutic agents have 
an added advantage in their oral administration. These nucle- 
oside and nucleotide analogues, respectively, suppress HBV 
replication and are associated with a low side effect profile 
[18-20]. 

Investigational drugs used alone or in combination are 
currently undergoing the scrutiny of clinical trials. The role of 
orthotopic liver transplantation in the treatment of the failing 
liver in chronic HBV remains uncertain. Treatment regimens 
in the future will probably reflect a patient-specific orienta- 
tion, ie, with the practitioner selecting from a menu of thera- 
peutic agents that will be used alone, in combination, or 
perhaps sequentially, with the timing of drug intervention 
dependent on the status of host-HBV interaction. 



g HEPATITIS B VIRUS 




Figure 4-1. 



The hepatitis B virus (HBV) is a member of the smallest known 
group of animal DNA viruses, called Hepadnaviridae [21]. The 
virus consists of two concentric protein coats. The inner coat, or 
capsid, is a single core protein that envelops and interacts with the 
HBV DNA. Note that in contrast with the complete viral particle, in 
which the outer coat contains the large, middle, and major surface 
proteins, only the middle and major proteins are found in incom- 
plete and noninfectious viral particles [21]. These small, 22-nm 
particles are produced in much greater abundance than the larger, 
42-nm complete viral particle [22]. [Adapted from Tiollais and 
Buendia [22].) 
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TABLE 4-1. 


OVERVIEW OF THE MAJOR HEPATITIS B VIRUS GENOTYPES 


Genotype 


Subtype 


Global Distribution 


A 


adw9, ayw1 


Western Europe, United States, Central Africa, India 


B 


adw2, aywl 


Japan, Taiwan, Indonesia, China 


C 


adw2, adr, ayr 


East Asia, Taiwan, Korea, China, Japan, Polynesia 


D 


ayw 


Mediterranean resion, India 


E 


ayw 


West Africa 


F 


adw, ayw 


Central and South America, Polynesia 


G 


adw 


United States, Europe 



Table 4-1. 



Overview of the major hepatitis virus (HBV) genotypes. Hepatitis B virus can be classified 
into seven genotypes (A to G) based on an intergroup divergence of about 8% in the 
nucleotide sequence over the entire genome. These HBV genotypes have unique insertions or 
deletions. The relationship between the four major HBV subtypes {adw, adr, ayw, and ayr) 
and genotypes has been determined. The prevalence of specific genotypes varies geographi- 
cally. Hepatitis B vims genotype A is more common among whites and blacks, whereas 



genotypes B and C are more common in 
Asians. Hepatitis B vims genotypes appear to 
have important pathogenic and therapeutic 
differences. For example, the rate of positive 
hepatitis B early antigen (HBeAg) in patients 
with genotype B was significantly lower than 
that in patients with genotype C (43 vs 
71%), as was the rate of advanced fibrosis 
(F3 or F4)(P < 0.034). This study also found 
that the seroconversion rate in genotype C 
was significantly lower than that in genotype 
B [23,24]. Genotype A was associated with a 
higher biochemical and virologic response 
than that in genotypes D and F, and death 
due to liver disease was more frequent in 
genotype F than in genotype A or D [25]. 
Further studies are needed to confirm these 
observations to determine whether HBV 
genotyping should be included in the clin- 
ical evaluation of patients with chronic 
hepatitis B and whether treatment should be 
tailored accordingly. 




Figure 4-2* 



The hepatitis B vims (HBV) genome and protein products. The HBV 
genome is a small, circular, partly double-stranded DNA molecule 
of about 3200 nucleotide subunits. An asymmetry exists in the 
length of the strands. The full-length strand that is complementary 
to the viral messenger RNAs is designated as having minus polarity. 



the L(-) strand. The other strand, S(+), is 50% to 80% the length of 
the L(-) strand [22,26]. The HBV genome contains only four poten- 
tial genes (S, G, P, and X), which overlap as shown in B [27]. The 
strategic placement of open reading frames permits encoding for 
the synthesis of different proteins from the same genetic material. 
The surface (S) gene encodes for the major envelope protein (hepa- 
titis B surface antigen [HBsAg]), as shown in A. The color code of 
the genes in B corresponds to the proteins in A. Pre-S2 and S genes 
encode the middle protein, whereas the large protein is encoded by 
a combination of Pre-Sl, Pre-S2, and S. All three proteins contain 
HBsAg. The G (core) gene encodes the protein of the nucleocapsid 
(hepatitis B core antigen) and is preceded by a short Pre-G region 
that, with the core region, forms a large protein that is eventually 
degraded and secreted into the semm (hepatitis B e antigen). The P 
gene encodes enzymes (DNA polymerase) required for viral replica- 
tion. P, shown in B, is the longest gene, incorporating parts of all 
the other genes. Finally, the X gene protein product regulates the 
transcription of all viral genes by interacting with a DNA sequence 
in the genome. The X protein has been shown to act as a transcrip- 
tional trans-activator of viral and cellular promoter or enhancer 
elements, including the tumor necrosis factor alpha (TNF-a) gene 
[28,29]. Further, the 154-amino-acid X protein may contribute to 
hepatocyte injury and promote carcinogenesis [29,30]. [Adapted 
from Tiollas and Buendia [22].) 
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Wild-type and mutant forms of the hepatitis B virus (HBV). 
Identification of mutant HBV DNA genomes unable to synthesize 
hepatitis B early antigen (HBeAg) has resulted in efforts to asso- 
ciate these variants with clinical outcomes. Several studies have 
reported an apparent linkage between the mutant HBV genome 
and fulminant HBV in the acute setting [31] or more severe liver 
injury in the setting of a chronic hepatitis [32]. Absence of HBeAg 
production was initially viewed as portending an ominous devel- 
opment. Emergence of the mutant-type HBV, however, suggests 
that these viral variants are a consequence of, rather than the cause 
of, the severe clinical outcomes reported [33,34]. Mixed wild and 
mutant HBV populations are found frequently in HBeAg-positive 
patients, with evidence suggesting eventual displacement of the 
wild type by the mutant virus in some patients [35]. To make 
matters more complex, a proportion of HBeAg-negative variants 
may later develop pre-core translation initiation mutations that, in 
turn, appear to be associated with increased HBV replication and 
severe liver disease [36]. In A, hepatitis B core antigen (HBeAg) is 
synthesized by the core region of the C gene, beginning at start 
codon 2 [not shown). A codon is a genetic sequence that initiates 
the translation and production of protein. HBeAg is s)mthesized by 
the C gene, beginning at start codon 1. The pre-core region encodes 
a signal peptide for transport of the large protein to the endo- 
plasmic reticulum, where a signal peptidase cleaves the signal 
peptide from the N-terminus. A protease cleaves a variable-length 
peptide from the C-terminus [26]. The HBeAg is then secreted 
from the cell into the serum. B depicts the pre-core "mutant" type, 
which is unable to synthesize HB^g. Note the presence of a trans- 
lational stop codon that is located in the pre-core region as a 
consequence of a mutation in one of 10 possible sites [34]. 
Although this precludes the synthesis of HBeAg, which requires the 
encoding of the entire C gene, encoding for HBeAg is not affected 
because its s)mthesis is initiated at start codon 2 {not shown). 
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Hepatitis B virus (HBV) replication in hepatocytes [22,26]. The HBV invades the cell by 
binding to surface receptors (A). Although the specific receptor for HBV has not been 
defined, a candidate receptor binding site would probably be located on the sinusoidal 
border of the hepatocyte [37]. Target receptors proposed include 1) an asialoglycoprotein 
receptor that specifically binds HBV and mediates endocytosis [38], 2) a polymerized 
human serum albumin (pHSA) receptor on the membrane (according to this hypothesis 



Pre-S2 protein sequences bind with pHSA, 
which in turn forms a link between the 
HBV and the liver cell pHSA receptor [39]), 
3) a Pre-Sl receptor on the liver cell 
[37,39], and 4) human liver annexin V 
protein (a Ca^ "^-dependent phospholipid- 
binding protein) present on liver plasma 
membrane that combines with small hepa- 
titis B surface antigen (HBsAg) [40,41]. 
Other potential receptors for HBV that bind 
to HBsAg include interleukin-6 [42], the 
receptor for transferrin [43], and 
apolipoprotein H [44]. As the virus is taken 
up by the cell (B), the envelope is removed 
and enzymes extend the S(+) strand to 
form a covalently closed, circular, double- 
stranded DNA (CCC-DNA) (C). The HBV 
genome in its core migrates to the nucleus 
(D), where cellular polymerases transcribe 
it into a long RNA. The 3.5-kb strand 
constitutes the pregenome containing all 
viral DNA sequence information. 

Additional viral structural protein 
messenger RNAs [E] pass into the cyto- 
plasm and are translated (F). The 
pregenome and viral DNA polymerase are 
packaged into new capsids (G). The poly- 
merase reverse-transcribes the RNA 
pregenome into a new L(-) DNA strand. 

The pregenome is then destroyed. The L(-) 
strand (H) is then used as a template for 
formation of the S(+) strand (/). Some 
capsids containing double-stranded DNA 
return to the nucleus to amplify the pool of 
CCC-DNA. Subsequently, the mature cores 
(!) are packaged into HBsAg particles, 
which accumulate in the endoplasmic retic- 
ulum and exit the cell (/). When the virus 
leaves the cell, elongation of the S(+) strand 
stops immediately. HBcAg — hepatitis B 
core antigen; HBeAg — hepatitis B early 
antigen; HBxAg — hepatitis B x antigen. 
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§ PATHOGENESIS 



HLA class I restricted CD8+ CTL pathway 



HLA class I molecule combines 
with HBcAg in endoplasmic reticulum 





T cell binds to HLA class I/viral peptide 
complex and is activated 




Activated T cell releases TNF-a, perforin, and other 
cytokines that kill infected cell or initiate apoptosis 
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Figure 4-5* 



Hepatoc)rte injury in acute hepatitis B virus (HBV) infection is a 
consequence of the cellular immune response of the host to HBV 
antigens. HBV is not directly cytopathic, and the host immune 
response to the infected hepatocytes results in elimination of these 
cells, most probably by CD8+ qrtotoxic T lymphocytes (CTL) 
[45,46]. Cytotoxic T lymphocytes (CTLs) and natural killer cells are 
found in large numbers in the liver of patients with acute hepatitis 
[46]. In acute HBV, interferon is produced in large quantities, 
leading to increased expression of HLA antigen classes I and II [47]. 
Interferon also promotes the production of a group of enzymes 
(RING genes) that process HBV antigens for presentation on the cell 
membrane by HLA class I molecules. The CTL response to HBV is 
vigorous in acute hepatitis, with ultimate clearing of the virus. That 
response is muted in patients with chronic hepatitis. The exception 
to the latter observation occurs with acute exacerbation of chronic 
hepatitis or following spontaneous or interferon alfa (IFN-a) 
promoted viral clearance [48]. Although the T-cell response to HBV 
in acute hepatitis can result in serologic clearance and resolution of 
the disease, trace levels of HBV DNA can be detected in the circula- 
tion for decades, maintaining the CTL response indefinitely [49]. 
Recent observations suggest that CTL can elaborate cytokines that 
activate HBV-infected hepatoc34es, inducing production of cellular 
type 1 antiviral cytokines [eg, IFN-a and tumor necrosis faaor alpha 
[TNF-a]). These cytokines prevent HBV gene expression without 
destroying the hepatocyte [50]. 

A, The HLA antigen and viral protein complex on the hepato- 
cyte membrane provoke a vigorous immune response, with activa- 
tion of CTLs that release cytotoxins, which can result in cell death 
or trigger cell suicide through a process called apoptosis. CTLs 
directed toward HBV envelope and nucleocapsid proteins have 
been described in patients with acute or chronic HBV, with the core 
protein believed to serve as the primary target antigen [47,51]. 
Other alternative pathways involving CD4+ T cells may play a role 
in the necroinfiammatory response, acting individually or in 
concert with CTL lysis. 

[continued on next page) 
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Figure 4-5* {continued) 



B, Viral particles secreted by hepatocytes are taken up by 
macrophages and processed, and the derived viral peptides 
presented to CD4+ T cells in an HLA class Il-restricted manner. 
These T cells respond to several epitopes within the hepatitis B core 
antigen (HBcAg) and hepatitis B early antigen (HBeAg). A number 
of these epitopes are immunodominant and recognized in patients 
with diverse HLA backgrounds [52]. These activated macrophages 
and T cells, which enter a proliferative phase, then release a series 
of cytokines that are cytotoxic for HBV-infected as well as nonin- 
fected hepatocytes [53]. Evidence supporting this mechanism for 
cytolysis was provided by studies in a patient who received a 
completely HLA class I-mismatched liver allograft and then 



experienced a recurrence of active HBV disease. HLA class 1-restricted 
CTL could not account for the hepatocyte injury; therefore, the HLA 
class I-independent pathway described emerges as the most likely 
explanation [54]. C, The final potential mechanism underlying the 
destmction of HBV-infected hepatocytes involves the presentation of 
HBV antigens, which are processed in hepatocytes, fragmented, and 
then combined with HLA class II molecules in the endoplasmic retic- 
ulum. The HLA class II molecule and viral peptide complex is 
displayed on the cell membrane for presentation to CD4+ T cells. The 
activated cell is an HLA class Il-restricted CD4+ CTL, which secretes 
cytokines, leading to liver cell injury. This pathway is considered least 
efficient and may not constitute a major pathway for cell injury [54]. 
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The humoral immune role in acute hepa- 
titis B. The B lymphocytes respond to the 
presence of hepatitis B virus (HBV) antigens 
by producing multiple antibodies. The anti- 
body to hepatitis B core antigen (HBcAg) is 
not viral neutralizing, whereas antibodies 
to hepatitis B surface antigen (HBsAg) are. 
Antibodies to hepatitis B early antigen 
(HBeAg) correlate with loss of viral replica- 
tion and are not protective after emerging 
at long intervals following resolution of an 
acute infection. HLA class 11-restricted 
CD4+ helper T cells (Tp^) that specifically 
recognize envelope (HBsAg, Pre-Sl, and 
Pre-S2) peptides can promote the produc- 
tion by B cells of antibodies against compo- 
nents of the envelope. These neutralizing 
antibodies bind extracellular free viruses 
and help prevent cell-to-cell spread. A, 
Uncommitted B lymphocytes (I) recog- 
nizing a viral antigen bind the antigen (in 
this example, Pre-Sl envelope peptide) to 
an immunoglobulin receptor. cells 
specific for Pre-Sl (2), but recognizing a 
different epitope, proliferate and release 
various B-cell growth factors. These inter- 
leukins stimulate clonal expansion of the 
now-committed B cell (3), with production 
of a specific antibody to Pre-Sl. Released 
antibody binds to the Pre-Sl site on the 
HBV, preventing cell-to-cell spread and viral 
clearance (4). B, HBcAg (or HBeAg)-specific 
T^i cells can also provide "help" for 
production of antienvelope antibodies by a 
process termed intermolecular-intrastructural 
T-cell help [55]. According to this hypoth- 
esis, a B cell primed to produce antibody to 
an envelope peptide binds through its 
immunoglobulin receptor to that epitope 
located on the HBV (1). The entire viral 
particle (2) is internalized and processed 
into a variety of viral peptides, some of 
which (3) are expressed on the B-cell 
membrane in a complex with HLA class 11 
molecules. HBcAg- or HBeAg-spedfic Tp^ 
cells that recognize epitopes in HBcAg- or 
HBeAg-derived viral peptides in the 
complex bind to the B cell and help 
increase production of specific antienve- 
lope immunoglobulin by cell-specific, but 
not immunoglobulin-specific, cytokines 
(4). Thus, the increased production of 
antienvelope immunoglobulin by the B cell 
"helped" by an HBcAg did not require 
the presence of both HBcAg and HBsAg on 
the same molecule at the B-cell surface 
(intermolecular) but did necessitate that 
both antigens be in the same particle, the 
internalized HBV (intrastructural). 
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Table 4-2 



TABLE 4-2. POTENTIAL MECHANISMS PROMOTING DEVELOPMENT OF 
CHRONIC HEPATITIS B VIRUS INFECTION IN ADULTS 



Mechanism 


Acute hepatitis 


Chronic infection 


Interferon production [47] 


Large quantities 


Impaired 


Response to interferon [47] 


Increased expression of HLA 
class antigens 


Inhibited 


Cellular immune response 


Not inhibited 


Blocked or interfered with 

Immunocytes infected with 
HBV 

Altered production of 
cytokines 

State of tolerance created by 
high levels of HBsAg, 
HBeAg, or HBcAg 


HLA Class 1 restricted 


CD8+ T cells efficiently lyse 


Possible defect in HIA 


[56] CD8+ T<e!l 


hepatocytes displaying 
HLA class I/core protein 
complex 


antigen conformation 
precluding effective 
complex with viral 
protein; results in 
defective CD8-t- T-cell 
response 


HLA Class II restricted 


Effective and dynamic; 


Weak, less effective, no 


CD4+ T cell 

response 


directed against HBcAg 
and HBeAg epitopes 
associated with clearance 
of HBsAg 


HBsAg clearance 


HBV mutations [47] 


Elimination of infection is 
efficient, disallowing 
emergence of mutant 
forms 


Spontaneous mutation 
occurs and dominant 
HBV strain changes — 
with a survival advantage, 
eg, HBeAg- negative 
mutant form; immune 
system does not 
"recognize" viral antigens 



Potential mechanisms promoting develop- 
ment of chronic hepatitis B vims (HBV) 
infection in adults. The propensity for devel- 
opment of a chronic HBV infection is 
related to age at the time of exposure, 
immune system status, and factors that 
promote viral persistence. HBcAg — hepatitis 
B core antigen; HBeAg — hepatitis B early 
antigen; HBsAg — hepatitis B surface antigen. 



Acute and Chronic Hepatitis B 



93 






g HEPATITIS B INFECTION 

Epidgminlngy 





Injection 
drug use 
14% 



Heterosexual 

activity* 

40% 



Other high risk 
activity 
31% 



Homosexual 

activity 

. 15% y 



1989 



Homosexual 
activity, 8% 



Health care 
employment, 3% 
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Transfusions, dialysis, other, 1% 



1998 



'Includes sexual contact 
with acute cases, carriers, 
and multiple partners 



Health care 

em pi oy me n t/oth er, 1 % 



Unknown, 3% 



Household contact, 3% 



Figure 4-7. 



Risk factors associated with reported cases of acute hepatitis B virus 
(HBV) in the United States. Shifts have developed in the frequency 
of some risk faaors between the 1980s and 1990s. High-risk 
heterosexual activity as a risk factor increased from 26% in 1989 to 
40% in 1998, whereas cases involving injection drug use, health 
care employment, and unknown risk associations have decreased 
[4]. Interestingly, cases associated with homosexual activity have 
increased from 8% in 1989 to about 15% in 1998 [4]. Over the 
past decade, the number of cases of acute hepatitis B reported 



annually has decreased by more than 75% [4]. This lowered 
frequency of acute HBV probably reflects changes in behavior as a 
consequence of the AIDS epidemic as well as the impact of focused 
HBV vaccination programs. It is anticipated that emphasizing HBV 
immunization for infants, children, and adolescents will serve to 
limit the population at risk for acquiring HBV and should gradu- 
ally result in disappearance of the disease in the United States. 
{Adapted from McQuillan et al [57] and Centers for Disease 
Control and Prevention Sentinel Counties.) 





Figure 4-8. 



Detection of acute hepatitis B. Most patients with acute hepatitis B go 
undeteaed unless they present with obvious clinical signs and symp- 
toms, such as jaundice, or undergo biochemical tests that disclose 
aminotransferase elevations. Diagnosis of a case of acute hepatitis is 
less likely the younger the individual. Paradoxically, however, infec- 
tion acquired perinatally and in early childhood usually becomes 
chronic in 90% and 30% of cases, respectively [10,58]. 
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TABLE 4-3. 


DIAGNOSTIC INTERPRETATIONS OF HEPATITIS B VIRUS MARKERS 


HBV Marker 


Description 


Implications 


HBsAg 


Noninfectious 
component of viral 
coat 


Considerecf the sine qua non for acute and chronic infection,- it may, however, also be present 
in the absence of HBV replication, produced by cells with integrated HBV DNA coding for 
HBsAg; loss of HBsAg accepted as hallmark of recovery 


Anti-HBs 


Antibody response to 
HBsAg 


Usually indicates recovery and immunity to HBV; it is the protective antibody resulting from 
vaccination with HBsAg material; also may be present in acute disease or as an inconstant 
finding in nearly a third of patients with chronic infection [60] 


HBeAg 


Soluble antigen that 
correlates with HBV 
replication and 
infectivity 


Presence in serum signals high level of infectivity because it parallels viral replication; may 
disappear prior to or following loss of serum HBV DNA with disease remission; sustained 
loss of HBeAg in the presence or absence of anti-HBe with continuing viral replication (HBV 
DNA) may presage emergence of an HBeAg-negative "mutant" virus 


Anti-HBe 


Antibody response to 
HBeAg; not 
considered 
protective 


Presence suggests decreasing levels of viral replication and HBV DNA and also indicates move 
toward disease remission or resolution 


HBcAg 


Found in core of virus 


No practical purpose for detecting in serum; HBeAg and HBV DNA are surrogate markers 


Anti-HBc IgM 


Nonprotective antibody 
to the HBcAg 


Present in recent HBV infection; may recur in reactivation of a chronic hepatitis 


Anti-HBc IgG 


As above 


Presence indicative of acute, chronic, or remote HBV infection; however, titers can decline over 
many years to undetectable levels; not present in individuals immunized to HBV 


HBV DNA 


Replicative genetic 
material of HBV; 
infectious agent 


Presence in serum (by non-KR methodologies) correlates to viral replication and continued 
infection; disappears with complete resolution of disease; may become undetectable in 
disease remission, only to emerge once again with disease activation; the significance of its 
presence in serum as detected only by PCR is unclear 



Table 4-3 



Diagnostic interpretations of hepatitis B virus (HBV) markers. A 
detailed medical history and complete physical examination are 
key for interpreting the significance of HBV test result components 
(HBV DNA, hepatitis B surface antigen [HBsAg], hepatitis B early 
antigen [HBeAg], hepatitis B core antigen [HBcAg]) or host 
immune responses to the virus (antibodies to HBsAg [anti-HBs], 
antibodies to HBeAg [anti-HBe], antibodies to HBcAg [anti-HBc]) 
in patients suspected of having HBV infection. Positive test results 
for one or several HBV markers may indicate an acute process or 



raise suspicion of a chronic infection [59,60]. For example, very 
recent vaccination for HBV might yield a positive test for HBsAg, 
suggesting acute disease or a carrier state. Discovery of an HBsAg- 
negative and anti-HBs-positive status does not confirm a previous 
HBV infection but could indicate past HBV vaccination. The clini- 
cian can clarify this issue by taking an immunization history and 
obtaining a negative test for anti-HBc IgG. The potential implica- 
tions associated with the identification of specific HBV markers are 
shown. PCR-polymerase chain reaction. 
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Figure 4 - 9 * 



Algorithm for the serologic approach to the diagnosis of acute hepatitis B. When a patient 
presents with suspected acute hepatitis, other causes must be considered. To ascertain the 
potential role of hepatitis B virus (HBV), specific tests should be requested in a cost-effec- 



tive and methodical manner. Testing for 
hepatitis B surface antigen (HBsAg) and 
antibodies to hepatitis B core antigen (anti- 
HBc) IgM provide critical information on 
the candidacy of HBV as the causative factor 
in acute liver injury (A). The results shown 
in B indicate acute HBV or, in the event the 
patient has an established chronic HBV 
infection, disease reactivation. The latter 
determination can be surmised only with 
preexisting evidence of HBV disease. The 
findings shown in C and D are consistent 
with a non-HBV origin of the acute process. 
The positive HBsAg result in D suggests an 
acute process of non-HBV cause superim- 
posed on an HBV carrier. Patients who are 
recovering from an acute HBV infection 
may test HBsAg negative (£), although the 
anti-HBc IgM test result will remain posi- 
tive. Recovery is confirmed when testing for 
antibody to HBsAg (anti-HBs) is positive 
(F). In the event the anti-HBs (G) test is 
negative, the patient may be in the serologic 
"window" (characterized by absence of 
both HBsAg and anti-HBs) before forming 
anti-HBs. 




Use of hepatitis B early antigen (HBeAg), antibodies to HBeAg (anti-HBe), and hepatitis B 
virus (HBV) DNA testing in acute HBV. Little benefit is gained from routine assay for HBeAg, 
anti-HBe, or HBV DNA in the setting of uncomplicated acute HBV. These markers should be 
reserved for situations where fulminant disease is a concern, recovery appears delayed, or 
progression to chronic disease has occurred. By general agreement, indication of chronic 
hepatitis occurs following 6 months of continuing necroinflammation [61]. If the illness 
appears protracted (eg, persists beyond 3 months), determination of the presence of HBeAg 
is warranted. Such presence suggests the likelihood of chronicity [62]. Following a case of 
acute hepatitis B, if hepatitis B surface antigen (HBsAg) persists for longer than 6 months, 
viral replicative activity should be assessed. Given the profile in A, viral replication may be 
determined with HBeAg and HBV DNA. When HBeAg is present, along with an elevated 



alanine aminotransferase (ALT) level (B), the 
finding of HBV DNA (C) indicates contin- 
uing active disease and candidacy for thera- 
peutic intervention. The absence of HBV 
DNA (D) suggests possible clearance of 
vims-infected hepatocytes. When the HBeAg 
test result is positive, with normal or nearly 
normal ALT (F), a positive HBV DNA (F) 
may represent an asymptomatic carrier 
status, whereas the absence of HBV DNA (D) 
could also reflect an asymptomatic carrier 
state or impending clearance of the HBV. 
When the HBeAg test result is negative with 
a normal ALT (F), a positive HBV DNA (F) 
indicates either clearing of the HBV infection 
or, again, infeaion with HBeAg-negative 
mutant HBV. The absence of HBeAg and 
HBV DNA with normal ALT levels (D) is 
consistent with a nonreplicative HBV status 
with continuing HBsAg antigenemia. The 
absence of HBeAg with elevated ALT (G) and 
a positive HBV DNA (H) could signal emer- 
gence of the HBeAg-negative "mutant" HBV 
with continuing disease or, less likely, that 
the original infection was with a mutant type 
HBV. It is also possible that clearance of the 
vims is occurring. Absence of HBV DNA (/) 
may signal resolution of the disease with 
delayed normalization of the ALT level or an 
additional undisclosed non-HBV cause. Anti- 
HBs — antibodies to HBsAg. 
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Figure 4 - 11 . 



Relationship between the appearance of hepatitis B virus (HBV) 
markers and the clinical presentation in uncomplicated acute HBV. 
Hepatitis B early antigen (HBeAg) and hepatitis B surface antigen 
(HBsAg) are detectable 4 to 8 weeks following infection, and before 
onset of clinical illness. The signs and symptoms of illness may be 
mild and go undetected, which is often the case, because a minority 
of patients present with jaundice [60,62]. The alanine aminotrans- 
ferase (ALT) elevations usually subside before disappearance of the 
HBsAg and appearance of antibodies to HBsAg (anti-HBs). Note the 
existence of a potential time gap, the serologic "window," when the 
HBsAg is not detected and anti-HBs is not identified. Testing for 
antibodies to hepatitis B core antigen (anti-HBc) IgM will bridge 
the gap, providing proof of an acute HBV illness. The HBV DNA is 
detected for a relatively short interval, disappearing before normal- 
ization of the ALT or loss of HBeAg and HBsAg. Anti-HBe — anti- 
bodies to hepatitis B early antigen. 
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Figure 4 - 12 . 



Relationship between hepatitis B virus (HBV) markers, clinical 
presentation, and development of chronic infection. The signs and 
symptoms may be mild, and the illness may go undetected. Unlike 
a self-limited acute infection, the hepatitis B surface antigen 
(HBsAg) will persist, along with the hepatitis B early antigen 
(HBeAg). The latter may not be detectable at times because its pres- 
ence correlates with viral replication. The antibodies to hepatitis B 
core antigen (anti-HBc) IgM class will disappear except during 
periods of disease reactivation, but the anti-HBc IgG class will 
persist. Alanine aminotransferase (ALT) elevations vary consider- 
ably and, at times, can achieve normal values. Antibodies to HBsAg 
are usually not detected but may be identified periodically [60]. 
Finally, the HBV DNA will be present and may show fluctuating 
serum levels over the course of years. After a variable period of 
time, the patient will usually seroconvert to an HBeAg-negative 
status and antibodies to HBeAg (anti-HBe)-positive status. 




Figure 4 - 13 * 



Consequences of infection with hepatitis B 
vims (HBV). Most individuals who are 
exposed to the HBV will develop acute hepa- 
titis. Those who become icteric are readily 
diagnosed; many who are anicteric but still 
display symptoms of illness may be identified. 
Other patients show abnormalities on one or 
several biochemical tests but do not exhibit 
symptoms and thus escape initial detection. 
The proportion of asymptomatic cases of acute 
HBV is problematic. Although patients with 
anicteric or asymptomatic hepatitis bear 
increased risk of progressing to chronicity [63], 
the overwhelming majority of patients with 
acute hepatitis recover without sequelae. A 
small proportion of patients experience a 
particularly effective immune clearance of 
infected hepatocytes that can result in fulmi- 
nant disease. Although the survival rate for this 
group is dismal in the absence of orthotopic 
liver transplantation, survival rates are highest 
when patients are younger than 45 years of 
age [64]. Most patients with chronic infection 
have chronic hepatitis, whereas a smaller 
proportion of chronically infected individuals 
manifest an asymptomatic carrier state. 
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Figure 4-1 4- 




Fever 

(60%-80%) 



’ Flu "’like features 
(>70%) 

Nasal congestion 
Sore throat 
Cough 
Headache 
Chills 
Myalgia 



Nausea, emesis 
(50%-90%) 



Anorexia and 
weight loss 
(80%-90%) 



Diarrhea/ 

constipation 

(25%) 



Light’ or clay’ 
colored stools 
(20%-60%) 



Abdominal 
discomfort 
or pain 
(60%~70%) 



Dark or brown 
urine 

(75%-95%) 



Other signs 
Macular erythema 
Irritability 
Decreased gustatory acuity 



Jaundice 

{20%-30%) 



Fatigue, weakness 
(75%-90%) 



Pruritus 

(25%-45%) 



An thro pa thy 
(20%-30%) 



Constellation of symptoms reported by patients with acute hepa- 
titis B. Most patients experiencing an acute hepatitis B virus (HBV) 
infection will have a noniaeric or asymptomatic illness [64]. The 
frequency of recognized acute hepatitis B is correlated to age at the 
time of infection, as shown in Figure 4-8. Adults are more likely to 
manifest evidence of illness, whereas infants and children rarely 
do. Patients who do not have icterus in the presence or absence of 
symptoms are at higher risk for developing chronic disease [63]. 
Although only a third of patients will become clinically jaundiced 
[1], a larger proportion will report evidence consistent with a 
cholestatic process by describing changes in the color of urine and 
stool. Most symptoms experienced by patients are protean and 
frequently attributed to a nonspecific "viral" syndrome. 



TABLE 4-4. LABORATORY ASSESSMENT IN ACUTE 
HEPATITIS B: POTENTIAL FINDINGS 


Biochemical 


Heaaatologic 


Common 


Common 


Total bilirubin T 


Lymphopenia, neutropenia 


Direct > indirect 


Elevated ESR 


Alkaline phosphatase T 
ALT t 


fnfrequent/rdre 


Prolongation of prothrombin 


ASTt 


time 


LDH t 

Serum IgG and IsM increased 
in a third of patients 


Hemolytic anemic 


hconstant 


Urihe/stools 


Albumin — unchansed or i 


Urobilinogen (bilirubinuria) 


Globulin — unchansed or T 


Clay-, gray-, or light-colored 


Infrequent/fdre 


stools 


Cholesterol, trislycerides t 
a-Fetoprotein T 


Rarely proteinuria 



Table 4-4» 



Laboratory assessment in acute hepatitis B: potential findings. 
Laboratory findings in acute hepatitis B resemble those seen for 
virtually all forms of acute viral hepatitis and cannot be used to 
distinguish between viral causes. Elevations in levels of total 
bilirubin, alkaline phosphatase (hepatic isoenzyme), alanine 
aminotransferase (ALT), and aspartate aminotransferase (AST) are 
quite variable in magnitude as well as duration [62,64]. Clearly, 
multiple, daily laboratory assessments in uncomplicated acute 
hepatitis are not warranted, particularly when peak elevations are 
attained and resolution of illness is underway. The peak bilirubin 
level is usually seen approximately 2 weeks following onset of jaun- 
dice, and normalization of bilirubin may take an additional month. 
Typically, the bilirubin level does not exceed 10 mg/dL but can 
reach 20 mg/dL [64]. Elevations, peaking, and resolution of ALT 
and AST levels occur over a longer period and display fluctuations 
in values. Hematologic changes are infrequent and of less moment. 
Lymphopenia, leukopenia, and neutropenia may occur early in the 
illness. Lymphocytosis with atypical lymphocytes can develop. 

ESR — er)^rocyte sedimentation rate; LDH — lactate dehydrogenase. 



98 



Atlas of the Liver 








Table 4-5* 



TABLE 4-5. INFREQUENT OR RARE SEQUELAE OF 
ACUTE HEPATITIS B 



Prolonged acute hepatitis (6%-15%) 

Time duration: Weeks to months 

Symptoms: Fatigue, anxiety, anorexia, right upper abdominal 
tenderness 

Laboratory findings: Elevated ALT/AST, usually mild 
Conclusjon/response: Observation 

Persistence beyond 6 mo may herald progression to 
chronic hepatitis 

Hematologic 

Pancytopenia 
Thrombocytopenia 
Aplastic anemia 

Immune complex disease (10%-25%) 

Vasculitis 

Necrotizing vasculitis (poiyarteritis) 

Glomerulonephritis (membranous or membranoproliferative) 
Neurologic 

Guillain-Barr^ syndrome 
Polyneuritis 



Infrequent or rare sequelae of acute hepatitis B. A small proportion 
of patients who seem to recover from acute hepatitis will subse- 
quently experience a prolonged illness and, more rarely, a relapse 
[62,65]. These entities represent a protracted acute hepatitis charac- 
terized by a milder clinical course and less striking changes in 
biochemical tests than with the initial illness. Almost all patients 
go on to complete recovery within a year [65]. Monitoring of such 
patients is important in identifying individuals progressing toward 
an authentic chronic hepatitis. Immune complex disease may 
occur in the preicteric stage, during illness, or following apparent 
recovery [64,66]. Immune complexes consisting of hepatitis B 
surface antigen (HBsAg)-antibodies to HBsAg, hepatitis B early 
antigen (HBeAg)-antibodies to HBeAg, or hepatitis B core antigen 
(HBcAg)-antibodies to HBcAg have been described. Often, liver 
disease is minimal, whereas the consequence of vasculitis can 
prove severe and life threatening. ALT — alanine aminotransferase; 
AST — aspartate aminotransferase. 




Figure 4-15. 



Treatment modalities in acute hepatitis B. The provision of 
supportive care forms the basis of treatment in acute hepatitis B. 
Patients should not be advised to remain in bed, but rather that 
the level of physical activity should be commensurate with the 
state of well-being. Dietary restrictions are no longer recom- 
mended. However, if significant nausea or emesis accompany the 
illness, prudence would dictate avoidance of food likely to 
promote nausea. Avoidance of alcohol is sensible, given its poten- 
tial hepatotoxic effect. Nonetheless, alcohol ingestion (moderate, 
of course) is not contraindicated following complete recovery. 
Patients with significant emesis, dehydration, or electrolyte imbal- 
ance will require correction with the appropriate intravenous solu- 
tions. Individuals experiencing considerable discomfort associated 
with pruritus may be given cholestyramine. The use of ursodiol or 
rifampin should be considered; however, no conclusive evidence of 
benefit in acute viral hepatitis yet exists. Finally, patients who 
develop acute viral hepatitis may also have other conditions 
requiring medication. A review of such agents is necessary to fore- 
stall untoward reactions that develop consequent to compromised 
hepatic function. 
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I CHRONIC HEPATITIS B 



TABLE 4-6. DIFFERENTIAL DIAGNOSIS OF 
CHRONIC HEPATITIS 



Viral hepatitis 
Hepatitis B 
Hepatitis C 
Hepatitis D 
Hepatitis non -A to E? 

Autoimmune liver disease 
Drug-induced liver disease 
Wilson's disease 
Cryptogenic (TT-virus?) 

Chronic liver disease-not considered chronic hepatitis 
Primar/ biiiary cirrhosis 
Primary sclerosing cholangitis 
Hemochromatosis 
a 'I -Antitrypsin deficiency 
Nonalcoholic steatohepatitis 



Table 4-6* 



Differential diagnosis of chronic hepatitis. Patients displaying sero- 
logic evidence suggestive of hepatitis B virus (HBV) infection are 
also at risk for developing other forms of acute or chronic liver 
disease. Admittedly an index of suspicion is necessary to justify 
additional evaluation of patients who satisfactorily fulfill the diag- 
nostic criteria for chronic HBV. Although chronic hepatitis B is a 
major cause of cirrhosis and hepatocellular carcinoma worldwide, 
it accounts for only 10% to 20% of chronic hepatitis and cirrhosis 
in the United States and Western Europe [67]. The cause of chronic 
hepatitis remains undetermined in 10% to 25% of patients and is 
referred to as "cryptogenic" [68,69]. A group of hepatic disorders, 
such as primary biliary cirrhosis and primary sclerosing cholan- 
gitis, share features found in chronic hepatitis but are not consid- 
ered examples of that syndrome. 



Asymptomatic carrier 

- - "fr 



Chronic HBV Infection 






Chronic hepatitis 



Cirrho sis Liver failure 









Hepatocellular Death 
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Consequences of chronic hepatitis B. 
Chronic infection with hepatitis B virus 
(HBV) can result in the development of a 
chronic carrier state with little or no 
evidence of liver injury or progression to a 
chronic necroinflammatory condition. 
Chronic hepatitis may lead to hepatic 
failure over a relatively short time interval 
in the presence or absence of cirrhosis [70]. 
Alternatively, cirrhosis may result, with 
subsequent development of hepatocellular 
carcinoma or hepatic failure [63]. 
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TABLE 4-7. HISTOLOGIC CUSSIFICATION OF 
CHRONIC HEPATITIS B 



Etiology — Chronic hepatitis B 



Grading 


(A) Minimal 


(B) Mild 


(C) Moderate (D) Severe 


HAI Numerical 


1-3 


4-8 


9-12 


13-18 


equivalent 










Stage (fibrosis) 


1. None 


II. Mild III. Moderate 


IV. Severe V. Cirrhosis 


HAI Numerical 


0 


1 (2)* 




3 4 


equivalent 










Examples of histologic 








classification 




(1) 




(2) 


Etiolosy 




Chronic hepatitis B 




Chronic hepatitis B 


Grade 




Mild activity 




Severe activity 


Stase 




Mild fibrosis 




Severe fibrosis 



Vhean^Khodd HAI dd not include a Y'nsccwi? /Sbras^- mWandmccferate (tofos® vtere consideied equftetenf/57j! 
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Histologic classification of chronic hepatitis B. Liver biopsy is an important component of 
patient care in chronic hepatitis B. Chronic hepatitis is a histologic diagnosis, and exami- 
nation of a tissue specimen provides information on the extent of damage and for 
predicting outcome [58,71]. The pattern and extent of necroinflammation correlate with 
the distribution of replicating hepatitis B virus (HBV) in the liver [72]. Past attempts to 
define the histologic features observed in chronic hepatitis did not incorporate disease 
etiology or clinical status in the interpretive analysis. Several semiquantitative grading 
systems have, however, provided useful approaches for gauging disease severity, for 
providing short-term prognosis, and for monitoring response to therapeutic interventions 
[73,74]. The Knodell histologic activity index (HAI) and Scheuer scoring systems have 
been used extensively. Both incorporate numeric scores for grading the severity of the 
necroinfiammatory changes. They combine these measures with scores for the stage of 
disease {eg, fibrosis). A recently proposed classification takes into consideration the clin- 
ical, etiologic, and histologic information that was used to arrive at the final diagnosis of 
chronic hepatitis [61]. The aforementioned system characterizes disease etiology, grade, 
and stage as separate parameters. 













Figure 4-17* 



Histologic features in chronic hepatitis B. A, Hematoxylin and 
eosin-stained low-magnification photomicrograph of a regenera- 
tive nodule. This patient has cirrhosis due to hepatitis B virus 
(HBV) infection. The hepatocyte plates are disrupted, the central 
vein is absent, and the limiting plate is irregular. Portal areas are 
expanded and infiltrated by a mixture of inflammatory cells. Some 
bile ductular proliferation is apparent. B, Masson s trichrome- 
stained preparation of the area corresponding to that in A. The 
portal area is expanded, and the regenerative nodule is encircled by 




collagen {stained blue). C, Ground-glass hepatocytes (hematoxylin 
and eosin-stained, high-magnification) represent cells with cyto- 
plasm swollen by viral particles. In some cases, the nucleus is 
pushed to the side by the cytoplasmic particles. D, Viral particles 
can also be detected by immunohistochemistry. Immunoreactive 
hepatitis B surface antigen (HBsAg; stained red) is deposited in the 
cytoplasm, and some large HBsAg aggregates can be seen. {Courtesy 
o/Jerrold R. Turner, M.D., Ph.D., Department of Pathology, Wayne 
State University School of Medicine, Detroit, MI.) 
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Naiural History 



Figure 4-18 




Natural history of chronic hepatitis B. The sequelae of chronic 
hepatitis B virus (HBV) infection vary from an inactive carrier state 
to the development of cirrhosis, hepatic decompensation, or hepa- 
tocellular carcinoma. Early stages of disease are characterized by 
viral replication and necroinflammation, with continuing injury to 
the liver that may result in cirrhosis. Progression to cirrhosis occurs 
at an annual rate of 2% to 6% in hepatitis B early antigen 
(HBeAg)-positive and 8% to 10% in HBeAg-negative patients with 
chronic hepatitis [58]. The role of HBV genotype in the risk of 
progression needs further research. Spontaneous seroconversion 
from an HBeAg-positive status to an anti-HBe status with loss of 
HBV DNA occurs in 50% to 60% of patients within 5 to 10 years of 
diagnosis [58]. Several determinants of HBeAg seroconversion have 
been reported, including gender, age, alanine aminotransferase 
(ALT) level, and, more recently, HBV genotype. This may be accom- 
panied by a transient increase in necroinflammation and increase 
in aminotransferases [75]. In as many as 20% to 30% of inactive 
HBsAg carriers, characterized according to the presence of anti-HBe 
and low to undetectable levels of HBV DNA, an acute flare may 
occur as a result of reactivation of HBV replication [58]. This 
relapse can result in additional liver damage, which can lead to 
hepatic failure [76]. Other patients in the nonreplicating phase of 
disease may integrate part of the HBV genome, resulting in the 
production of hepatitis B surface antigen (HBsAg) only, with no 
concomitant viral replication [77]. In such a setting, little inflam- 
mation occurs; however, the risks of developing hepatocellular 
carcinoma are increased [77,78]. The estimated 5-year progression 
from compensated cirrhosis to hepatocellular carcinoma is 6% to 
15% [78]. PCR — polymerase chain reaction. 





Figure 4 - 1 9 * 



Mortality in patients with chronic hepatitis B virus (infection) is 
related to the stage of fibrosis and the presence or absence of 
decompensation. A, Survival in HBV patients with compensated 
cirrhosis. B, Survival in HBV-related decompensation cirrhosis. The 
5-year mortality rate is 0% to 2% for those without cirrhosis and 



14% to 20% for patients with compensated cirrhosis, but the rate 
increases significantly to 70% to 86% following decompensation. 
Complications of cirrhosis and development of hepatocellular 
carcinoma are the main causes of death [58,71,79-81]. 
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Figure 4 - 20 . 




Acute hepatitis superimposed on chronic 
hepatitis B. The occurrence of apparent 
acute hepatitis in an asymptomatic hepa- 
titis B virus (HBV) carrier or in a patient 
with chronic hepatitis cannot be assumed 
to signal a transition to a more active phase 
of HBV disease. Although reactivation of 
disease or emergence of a mutant HBV 
could account for exacerbation of illness, 
superinfection with other viruses, such as 
hepatitis D, hepatitis C, hepatitis A, or HIV, 
should be considered. The use of cortico- 
steroids, other immunosuppressives, or 
chemotherapeutic agents could unwittingly 
result in reactivation of disease, with grave 
consequences [12,13,81,82]. 




Figure 4 - 21 . 



The hepatitis B virus (HBV) is not believed to carry oncogenes that 
can transform infected hepatocytes. The long latency period 
between HBV infection and the development of hepatocellular 
carcinoma provides additional evidence of the absence of an HBV 
oncogene [22,83]. Although the mechanisms that would account 
for the tumorigenic process have not been delineated, a number of 
possibilities have been proposed. Integration of viral DNA adjacent 
to cellular growth genes may transform hepatocytes into tumor cells 
through deregulation of their expression, which results in uncon- 
trolled growth (A). On the other hand (B), insertion of the viral 
genome can occur at multiple sites in human chromosomes and 
result in considerable genetic rearrangements (deletions, transloca- 
tions, or amplifications), features common in human tumors 
[22,83-85]. Integrated viral DNA alone or with cellular DNA may 
produce altered proteins, which in turn activate expression of HBV 
and cellular genes, such as oncogenes (C). Another possibility is 
that the increased chronic necroinflammation increases cell 
turnover and regeneration, leading to activation of cellular growth 
genes (D). Other factors, such as age, geographic location, and pres- 
ence of hepatitis B early antigen (HBeAg), are perhaps involved in 
the progression to hepatocellular carcinoma [86,87]. 
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Figure 4-22. 



The therapeutic objective in chronic hepa- 
titis B virus (HBV) infection is, in the final 
analysis, to rid the body of a viral infection. 
A variety of drugs have been used, many of 
which have proved either ineffective or 
toxic. The current approaches consist of 
antivirals, immunostimulants, 
immunomodulators, and, when all else 
fails, orthotopic liver transplantation. The 
goal is to change the natural history of 
chronic hepatitis B and abrogate the conse- 
quences of a chronic hepatotropic viral 
infection. Most patients who acquire HBV 
do quite well on their own and should be 
provided with supportive care. What char- 
acteristics then, would the ideal candidate 
for therapeutic intervention have? The 
prospective patient should exhibit evidence 
of chronic infection associated with 
evidence of viral replication (hepatitis B 
early antigen [HBeAg] or HBV DNA, or 
both) and inflammation (elevated amino- 
transferases). Symptoms, such as they may 
be, and histologic findings are of less 
import in the decision to treat. 



TABLE 4-8, ENDPOINTS DEFINING EFFICACY 
OF TREATMENT 



Termination of hepatitis B virus replication 

Loss of HBeAg, seroconversion to Anti-HBe 
Loss of HBV DNA by hybridization assay 
Cessation of chronic liver injury 
Normalization of aminotransferases 
Decreased symptomatology if any 
Disease-free state 

Seroconversion to HBsAg-negative and Anti-HBs-positive status 
Absence of HBV DNA from serum and fiver tissue by PCR 



Table 4-8. 



Endpoints defining efficacy of treatment. Absence of replication of 
hepatitis B vims (HBV) and cessation of the hepatic inflammatory 
reaction, with normalization of the alanine and aspartate amino- 
transferase levels, are the immediate goals of therapy. Long-term 
objectives include eradication of all vestiges of HBV infection. 
Although achieving hepatitis B surface antigen (HBsAg)-negative 
status is clearly desired, by no means does it signal eradication of the 
HBV [88-90]. Anti-HBe — antibodies to hepatitis B early antigen; 
anti-HBs — antibodies to HBsAg; PCR — polymerase chain reaaion. 
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Rationale for interferon (IFN) treatment in 
chronic hepatitis B. Patients with chronic 
hepatitis B have a deficiency of endogenous 
IFN in response to the chronic viral infec- 
tion. Mononuclear cells isolated from 
patients with chronic hepatitis B show 
suboptimal production of IFN-a [91,92]. 
Evidence suggests that the core region of 
the hepatitis B virus (HBV) genome may 
suppress IFN production by host cells [93]. 
The ability of patients with chronic hepa- 
titis B to respond to IFN nonetheless 
remains intact [56,94,95]. Although the 
precise mechanism of IFN action is not 
known, this family of polypeptides (a, (3, 
and 7 classes) was originally identified by 
their induction of an antiviral state [96]. In 
addition, IFNs also exert antiproliferative as 
well as immunomodulatory effects [15,96]. 
IFN-a, and -P (type I IFN), which bind to 
the same receptor, exert a mainly antiviral 
effect. IFN -7 (type II IFN), which binds to a 
different receptor, has a predominantly 
immunomodulatory effect. 
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Action of the interferons (IFNs). Interferon 
alpha (IFN-a) and IFN-P share a common 
receptor that is encoded by a gene on chro- 
mosome 21. These receptors are found on a 
variety of human cells. IFN-y binds to a 
receptor encoded by a gene on chromo- 
some 6 [97]; however, chromosome 21 may 
be required for activation of the gene on 
chromosome 6 [98]. Receptors for IFN-y 
are located on many cell types, including 
lymphocytes, fibroblasts, platelets, and 
tumor cell lines [15]. Internalization of the 
IFNs may not be critical for the subsequent 
actions, which are possibly mediated by 
second messengers. Studies of the IFN 
signal transduction pathway have character- 
ized protein tyrosine kinases, which in turn 
phosphorylate signal transducers that bind 
to DNA promoter sequences and activate 
gene transcription [99]. The IFNs induce a 
variety of known, as well as unidentified, 
proteins. The immunomodulatory, 
antiviral, and antiproliferative effects of the 
IFNs are shown. [Adapted from Peters [15].) 
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TABLE 4-9, POSSIBLE INTERFERON EFFECTS IN 
CHRONIC HEPATITIS B 



Induction of HLA class 1 antigen 


IFN-a, -p, -y 


Induction of HLA class II antigen 


1FN--V 


Induction of 9 \ 5'-oligoadenylate 
synthetase 


IFN-a, -P, -y 


Inhibition of viral entry into cells 


IFN-a, -p, -y 


Prevention of viral uncoating 


IFN-a, -p, -y 


Inhibiticn of messenger RNA translation 


IFN-a, -p, -y 


inhibition of viral assembly 


IFN-a, -p, -y 


Induction of protein kinase 


IFN-a and IFN-p 
more than IFN-^ 



Possible interferon effects in chronic hepatitis B. The ability of 
interferons (IFNs) to exert antiviral effects depends on their inter- 
actions with cell receptors and the subsequent induction of cellular 
proteins. In addition, ample evidence suggests that their 
immunomodulatory and antiproliferative properties may also play 
a significant role in the therapeutic response in chronic hepatitis B 
[100]. The induction of HLA class I and II proteins may enhance 
immune recognition of viral proteins, permitting clearance of the 
virus as illustrated previously (see Figs. 4-5 and 4-6). The 2',5'- 
oligoadenylate synthetase induction activates RNase L, which in 
turn preferentially cleaves viral RNA (and, to a lesser extent, host 
RNA) [15]. Protein kinase promotes phosphorylation of several 
proteins that enhance the antiviral state of the cell [101]. 



Clinical Trials with Inte rferon 



TABLE 4-10. CONSENSUS FINDINGS OF 
THERAPEUTIC TRIALS 



Loss of serum HBV DNA and HBeAg in approximately one third 
of patients 

Response associated with improvement in liver histolosy 
Response associated with improvement in aminotransferases 
Successful response requires treatment for a minimum of 3 mo 
Dosases of 5 to 10 MU are sufficient to suppress viral replication 
Dosages of 1 or 9 MU are inadequate 

Three times weekly administration of IFN is effective for 
suppressing viral replication and is better tolerated than 
daily administration 



Table 4-10. 



Consensus findings of therapeutic trials [104-109]. Interferon 
(IFN) treatment of chronic hepatitis B. Interferon alpha (IFN-a) is 
effective therapy for chronic hepatitis B. Until 1998, it was the only 
drug approved for the treatment of chronic hepatitis B in the 
United States. This was based in part on the landmark randomized, 
controlled trial showing a proven benefit of IFN-a2b in the treat- 
ment of chronic hepatitis B [102]. A meta-analysis [17] that 
reviewed treatment outcomes in 16 prospective, randomized, 
controlled studies (including that of Perillo et al [102]) showed 
that IFN-a was beneficial, with loss of hepatitis B surface antigen 
observed 6% more often in treated patients than in control 
subjects. Cessation of hepatitis B virus (HBV) replication (hepatitis 
B early antigen [HBeAg], HBV DNA) occurred 20% more often, 
and normalization of alanine aminotransferase values was seen at 
a significantly higher frequency in IFN-treated patients [17]. 
Numerous clinical trials conducted between 1985 and 1990 permit 
a consensus of findings [103]. The overall treatment response rates 
were remarkably similar among the listed studies. Recombinant as 
well as natural forms of IFN-a were used. 



TABLE 4-1 1 . PREDICTIVE FACTORS 

OF RESPONSE TO INTERFERON 



Low viral Joad (HBV DNA < 100 pg/mL) [101] 
Elevated ALT levels (>100 lU/mL) 

Active necroinflammation in the liver 
Horizontal acquisition of HBV infection (as an adult) 
Female gender 
HIV negative 



Table 4-11. 



Predictive factors of response to interferon alfa (IFN-a). Low 
pretreatment serum hepatitis B virus (HBV) DNA levels and 
elevated alanine aminotransferase (ALT) values are the most useful 
factors for predicting a favorable response to treatment [102,103]. 
A low level of HBV DNA in a patient, associated with an elevated 
ALT level, suggests an enhanced host immune response, with 
increased destruction of infected hepatocytes. The presence of 
concurrent viral infections (HIV, perhaps hepatitis D virus) and 
other disorders of the immune system constitute negative predic- 
tors for treatment response [103]. 
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Figure 4-25. 



Typical successful response to interferon (IFN) treatment. Most 
patients who respond to IFN experience an alanine aminotrans- 
ferase (ALT) flare several fold higher than the pretreatment value 
during the 16-week treatment course. This flare may signal activa- 
tion of the host immune response to hepatitis B virus 
(HBV) -infected cells. Approximately 60% to 70% of responders 
and 25% to 30% of nonresponders will display ALT flares [110]. 
Patients usually tolerate the flare unless hepatic synthetic function 
is poor. Emergence from the flare is associated with clearance of 
HBV DNA and normalization of the ALT level. The hepatitis B early 
antigen (HBeAg) may disappear shortly thereafter or some months 
later [102,103,110]. At times, the flare may reach alarming propor- 
tions, accompanied by jaundice and clinical signs and symptoms 
dictating dose reduction or treatment discontinuation. Under 
certain conditions, this phase of aggressive inflammatory reaction 
can lead to hepatic failure and death. Identification of patients 
liable to experience this potentially lethal complication is 
addressed in Figure 4-27. HBsAg — hepatitis B surface antigen. 
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Figure 4-26. 



Unsuccessful response to interferon (IFN). In this instance, the 
hepatitis B virus (HBV) DNA load was high and, correspondingly, 
the alanine aminotransferase elevation was modest. Although a 
flare occurred, it was not associated with clearance of HBV DNA. 
With cessation of treatment, values for HBV DNA and alanine 
aminotransferase returned to pretreatment levels. HBeAg — hepa- 
titis B early antigen; HBsAg — hepatitis B surface antigen. 




Figure 4-27* 



Contraindications for the use of interferon (IFN) therapy. As noted 
in Figure 4-25, certain patients are at increased risk for a calami- 
tous experience when receiving standard IFN therapy for chronic 
hepatitis B. Patients with decompensated cirrhosis [111] have little 
hepatic reserve to sustain them during what may represent a major 
inflammatory process that is instrumental in the clearance of HBV. 
Evidence of a predisposition toward liver failure includes findings 
of low albumin levels, increased prothrombin time, and elevated 
bilirubin levels. Signs of portal hypertension portend danger in the 
presence of ascites, encephalopathy, episodes of esophageal or 
gastric variceal bleeding, and hematologic abnormalities. The use 
of IFN in such patients may also promote severe infections, partic- 
ularly if leukocyte counts are low. Continued consumption of 
alcohol is also a contraindication. Finally, clinically relevant 
psychiatric dysfunction may be aggravated by IFN. 
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TABLE 4-1 2. LONG-TERM OUTCOMES IN RESPONDERS TO INTERFERON 



Status of Responders at Last Assessment 



Reference, Y 


Patients Treated 
WITH IFN, N 


Responders*, 

N(%) 


Follow-up, 

MEAN y 


HBeAG(-), 

% 


HBV DNA(-), 

N(%) 


HBsAg(-), 

N(%) 


Reactivation, % 


Carreno et di. 
(1992 [112]) 


94 


32(34) 


3,7 


27(84) 


27 (84) 


8(25) 


5(16) 


Lok etdi. 
a993[113D 


128 


29(23) 


3.4 


25 (86) 


25(86) 


2(7) 


7(24) 


Niederau etdI. 
(1996 [114]) 


103 


53 (52) 


4.2 


53(100) 


53 (100) 


10(19) 


0(0) 


Lau et dl. 

(1997 [1 15]) 


103 


31 (30) 


6.2 


29 (94) 


28(90) 


22(71) 


2(7) 


Krogssaard etdi. 
(1998 [116]) 


210 


58 (28) 


4.7 


50 (86) 


50 (86) 


17(29) 


7(12) 


Lin et al. 
C1992[117]) 


67 


28 (42) 


7.4 


25(89) 


25 (89) 


0(0) 


3(11) 


* Response defined as loss of serum HBV DNA arid HBeAs Y^ith or without anti-HBe within 12 mo of IFN therapy 







Table 4 - 12 . 



Long-term outcomes in responders to interferon (IFN). Therapy 
with IFN has been available for more than 15 years, providing the 
opportunity to examine the long-term follow-up in patients identi- 
fied as responders to treatment. Six of the larger studies on long- 
term response are presented here. Of 705 patients treated with 
varying doses of IFN for variable time periods, 231 patients (33%) 
responded with loss of serum hepatitis B virus (HBV) DNA and 
hepatitis B early antigen (HBeAg). In follow-up ranging from a 
mean of 3.4 to 7.4 years, 209 patients (91%) remained negative for 
serum HBV DNA and HBeAg, with 59 (26%) eventually losing 
hepatitis B surface antigen (HBsAg). Reactivation of disease 



TABLE 4-1 3. ADVERSE EFFECTS OF INTERFERON 


Fatigue, malaise, chills 


Suppression of bone marrow 


Alopecia 


elements 


Anorexia, nausea 


Autoantibodies 


Significant depression, 


Interferon-neutralizing 


difficulty in sleeping 


antibodies 


Emotional lability 


Infections 
Decreased libido 



occurred in 10% of IFN responders. Reactivation of disease, defined 
as reappearance of serum HBV DNA in the presence or absence of 
recurrent HBeAg, has been reported in 5% to 50% of responders 
within the first year of follow-up and in 10% to 20% of responders 
followed for 2 years [103,110]. Loss of hepatitis B surface antigen 
(HBsAg) can occur, however, with continued presence of HBV DNA 
in liver tissue and serum, the significance of which remains 
unknown [118]. It is evident that patients responding to IFN, as 
characterized by loss of HBsAg and HBeAg, are not likely to experi- 
ence reactivation of disease. For most of these fortunate individ- 
uals, HBV disease has entered remission (enduring, it is hoped). 



Table 4 - 13 . 



Adverse effects of interferon. Almost all patients receiving inter- 
feron experience some type of adverse effect. Most of these individ- 
uals tolerate these difficulties, motivated by the desire to be rid of 
the disease. Modification in dose may be necessary, particularly if 
signs and symptoms become debilitating or if compliance with 
treatment is threatened. Some patients must discontinue therapy 
when hematologic problems arise [103,119]. 
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TABLE 4-14. PROBLEMATIC PATIENT GROUPS 


Nonresponders to standard 


Decompensated cirrhosis 


IFN treatment 


Asymptomatic HBV carriers 


Perinatally infected patients 


Hemodialysis patients 


Children 


HBV-related immune complex 


Transplant recipients 


disease 


HBeAs-negative precore 


HIV coinfection 


mutant infected patients 


HCV coinfection 



Table 4-14. 



Problematic patient groups. Additional studies are required in select 
groups of patients with hepatitis B vims (HBV) infection who are not 
considered candidates for standard interferon (IFN) therapy. 
Nonresponders to standard IFN therapy may be candidates for treat- 
ment with nucleoside analogues, rather than a short course of pred- 
nisone followed by standard IFN treatment. Of five large-scale, 
randomized, controlled studies using prednisone and IFN [103], four 



failed to show any benefit of prednisone priming followed by IFN 
compared with IFN alone. In yet another meta-analysis of seven 
randomized studies comparing combination prednisone and IFN 
treatment to IFN monotherapy, no differences were observed between 
patient groups in the loss of hepatitis B early antigen (HBeAg) or HBV 
DNA [120]. However, observations in these meta-analyses as well as 
in other studies show that prednisone followed by IFN promotes an 
increased frequency of viral clearance in patients with low pretreat- 
ment alanine aminotransferase (ALT) levels [102,103, 120,121]. 
Combination prednisone and IFN has been reported effective in 
patients irrespeaive of the pretreatment ALT values [122]. Prednisone 
may induce increased production of viral peptides that bind to HLA 
class I molecules, which are expressed on the membrane. As shown in 
panel A of Figure 4-5, the viral peptides are exposed to the immune 
system, ie, cytotoxic T lymphocytes, which then lyse the infected cell 
[110]. Although IFN treatment of patients with decompensated 
cirrhosis is fraught with anxiety, not to speak of danger, such patients 
have responded to standard, tapered, or low-dose IFN with sustained 
clearance of HBV DNA [123,124]. Although a sustained loss of semm 
HBV DNA can occur in 30% to 40% of patients with Child s class A 
or B cirrhosis [123,124], treatment of patients with decompensated 
cirrhosis should be accomplished with great care because the risk of 
infection and liver failure is considerable. HCV — hepatitis C vims. 



TABLE 4-1 5, LAMIVUDINE VERSUS INTERFERON VERSUS ADEFOVIR 



Characteristics 


Lamivudine 


IFN 


Adefovir 


Chemical 


Fyifnidine 


Glycoprotein 


Nucleotide 


classification 


nucleoside and 
cytidine analogue 




analogue of 

adenosine 

monophosphate 


Mechanism of action 


Inhibits HBV DNA 


Inhibits HBV DNA 


Inhibits HBV DNA 




replication 


replication and 
enhances 
cell -mediated 
immunity 


replication 


Administration 


Oral dose of 100 mg 


Subcutaneous or 


Oral dose of 10 mg 




daily (duration 


intramuscular 


daily (duration 




unclear) 


injections for 4 to 
6 mo 


unclear) 


Frequency of 


15% to 20% 


15% to 30% 


12% 


response (loss of 
HBeAs and HBV 
DNA and 
development of 
anti-HBeAb) 


Histologic 


Proven 


Proven 


Proven 


improvement 


Safety issues 


Minimal/none 
Well tolerated 


Significant 


Minimal, renal 
toxicity with 
hisher doses 

Generally well 
tolerated 


Factors associated 
with decreased 
treatment 
response 


? HBV variants 


Normal 

aminotranferases, 
HIV coinfect- 
ion/immunosup- 
pression, 
decompensated 
cirrhosis, HBV 
mutants 





Table 4-15. 



Lamivudine versus interferon versus 
adefovir. Lamivudine, the negative enan- 
tiomer of 2',3'-dideoxy-3'-thiacytidine, is 
the first of the nucleoside analogues 
approved by the United States Food and 
Dmg Administration (FDA: December 
1998) for the initial treatment of chronic 
hepatitis B vims (HBV) infection. 
Lamivudine is a therapeutic alternative to 
interferon (IFN) and has largely replaced 
IFN as the initial therapy. Although the 
specific mechanism of lamivudine's action 
(and those of other nucleoside analogues) is 
not clear, the dmg delivers potent inhibition 
of HBV replication by suppressing HBV 
DNA polymerase. While viral replication 
may be terminated and the number of 
infected hepatocytes decreased, intracellular 
covalent circular-core DNA persists and, 
with cessation of treatment, promotes recur- 
rent viral replication [125]. As shown in the 
Table, 4-15, lamivudine possesses many 
attractive features, including ease of admin- 
istration, low cost, good treatment results, 
and safety characteristics to promote its use 
as initial therapy. It is also safe and effective 
in patients with decompensated cirrhosis. 

Adefovir dipivoxil is a nucleotide analogue 
of adenosine monophosphate, which can 
inhibit reverse transcriptase and DNA poly- 
merase activity. It has both in vitro and in 
vivo activity against wild-type and lamivu- 
dine- and famciclovir-resistant HBV. It is also 
administered orally and has a favorable side 
effert profile. Emergence of HBV mutants has 
not occurred thus far in published studies 
[19,20]. HBeAb— hepatitis B early antibody; 
HBeAg — hepatitis B early antigen. 
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Figure 4 - 28 . 



Complete response to treatment with lamivudine (LAM) is defined 
as a loss of serum HBV DNA and seroconversion to an hepatitis B 
early antigen (HBeAg)-negative, anti-HBe positive status in 
patients initially HBeAg positive. Three clinical trials involving a 
total of more than 700 HBeAg-positive treatment-naive patients 
who were treated for 1 year with lamivudine, showed a seroconver- 
sion rate of 16% to 18% compared with placebo [126-128]. 
Histologic improvement, defined as a reduction in necroinflamma- 
tory scores greater than 2 points, was observed in 49% to 56% of 
treated patients [129]. Leung eta/. [129,130] reported on 58 
Chinese patients participating in a Phase 3 multicenter trial who 
received LAM 100 mg daily for 3 years. A, Of the 55 patients who 
had detectable serum HBV DNA at entry, 24 (44%) remained HBV 
DNA negative after 3 years of continuous treatment. Of the 41 
patients (71%) with elevated alanine aminotransferase (ALT) 
values at entry, 20 (49%) had normal ALT values at the end of 3 
years. B, At the conclusion of the 3 years of treatment, 23 of 58 
patients (40%) had undergone HBeAg seroconversion, and 16 of 
55 (29%) were complete responders. In addition to this study. 



several other clinical trials have demonstrated increased HBeAg 
seroconversion with increasing duration of LAM treatment from 
17% at 1 year to 27%, 33%, and 47% at 2, 3, and 4 years, respec- 
tively [18, 129-133]. 

In HBeAg-negative/HBV DNA-positive patients, biochemical 
and virologic responses were observed in 63% to 70% of patients, 
but the durability of response was poor [134-136]. Lamivudine 
was found to be well tolerated in patients with decompensated 
cirrhosis and resulted in clinical improvement in many patients 
[137-140], but the optimal timing of initiation of treatment and 
the subset of patients who are most likely to benefit remain to be 
determined. There are limited data on the durability of the HBeAg 
seroconversion in LAM-responsive patients. Preliminary data from 
ongoing studies with LAM have shown 81% to 91% of patients 
with seroconversion had a durable response after a median follow- 
up of 6 to 21 months, respectively [141,142]. More recently, only 6 
(17%) of 35 patients, HBeAg negative before treatment, who were 
HBV DNA negative following 52 weeks of LAM therapy, main- 
tained a complete response when examined 6 months after discon- 
tinuing LAM [143]. 
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Figure 4 - 29 . 



YMDD variants of hepatitis B virus (HBV). As illustrated in Figure 4- 
4, HBV replicates DNA via reverse transcription of an RNA interme- 
diate. The half-life of HBV-infected cells is in excess of 100 days 
[144], and as long-term administration of lamivudine (LAM) is 
necessary to suppress HBV replication the stage is set for emergence 
of resistant strains. The HBV resistance to LAM is a consequence of 
mutations in the YMDD motif of the HBV polymerase gene (substi- 
tutions for methionine by valine or isoleucine at position 552 and a 
leucine-to-methionine substitution at position 528) and results in a 
defective HBV reverse transcriptase. LAM resistance increases with 
time, usually beginning after 6 months of treatment [145]. A, The 
rate of appearance for YMDD mutations and viral breakthrough is a 
function of the duration of LAM therapy. Studies denoted by + 
represent sequential semm analyses for YMDD variants in a large 
population of Asians treated for up to 3 years. The frequency of 
YMDD tripled in patients treated for 3 years, as opposed to those 
receiving LAM for 2 years. B, The clinical implications of viral break- 
through with YMDD variants are problematic. YMDD variants can 



be detected in serum by polymerase chain reaction (PCR) months 
before HBV DNA brealahrough, but they are not present in pretreat- 
ment serum [145]. Moreover, when treatment with LAM is discon- 
tinued, a re-takeover by wild-t)q)e HBV occurs within 3 to 4 months, 
which may be accompanied by clinical relapse [146]. Patients with 
the YMDD variant who continue to receive LAM therapy remain 
capable of HBeAg seroconversion, demonstrate histologic improve- 
ments, and maintain median alanine aminotransferase (ALT) as 
well as HBV DNA levels below the values observed just prior to 
initiation of LAM therapy [130, 147]. The likelihood that patients 
treated with LAM harbor YMDD variants is 99% when they are 
HBeAg positive following 24 weeks of LAM treatment, with ALT 
levels more than 1.3 times the upper limits of normal (ULN) and 
serum HBV DNA levels more than 20 pg/mL (using solution 
hybridization methodology) [147]. LAM has been used in combi- 
nation with interferon as well as with nucleoside analogues. 
Adenosine dipivoxil has recently been shown to be effective in 
patients with LAM-resistant hepatitis B mutants. 
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TABLE 4-16. VIROLOGIC AMD BIOCHEMICAL RESPONSES TO AND 
HISTOLOGIC IMPROVEMENT FROM ADEFOVIR VERSUS 
PLACEBO AT 48 WEEKS OF TREATMENT 




Adefovir Dipivoxil 


Placebo 


Variable 


(N= 171) 


(N= 173) 


Virologic response 


Serum HBV DNA <400 copies/mL — no. (%) 


36(21) 


0 


P value 


<0.001 




HBeAg seroconversion — no/total no. (%) 


20/171 (12) 


9/161 (6) 


P value 


<0.049 




HBeAg loss — no./total no. (%) 


41/171 (24) 


17/161(11) 


P value 


<0.001 




Bicxihemical response 


Normalization of ALT — no./total no. (%) 


81/168(48) 


24/164(16) 


P value 


<0.001 




Histologic improvement 


No. C%) 


89 (53) 


41 (25) 


P value 


<0.001 





Table 4 - 16 . 



Virologic and biochemical responses to and histologic improvement from adefovir versus 
placebo at 48 weeks of treatment. Adefovir has been evaluated as primary monotherapy 
for patients with chronic hepatitis B virus (HBV) infection and in patients who developed 



resistance to lamivudine (LAM). Two large 
phase III clinical trials have reported the 
48-week results of adefovir therapy in 
patients with hepatitis B early antigen 
(HBeAg)-positive [19] and -negative 
[20,150] chronic HBV infection. In HBeAg- 
positive patients with chronic hepatitis B 
treated for 48 weeks, 21% and 24% of 
patients receiving adefovir, 10 mg per day, 
had undetectable HBV DNA or loss of 
HBeAg, compared with 0% and 11% in 
patients given placebo, respectively (P < 
0.001). Histologic improvement, defined as 
a reduction in Knodell s score by at least 2 
points, was noted in 53% of treated 
patients compared with 25% in the placebo 
arm (P = 0.001) [151-154]. Loss of HBV 
DNA or normalization of alanine amino- 
transferase (ALT) in HBeAg-negative 
patients was observed in 51% and 72%, 
respectively. The major adverse reaction to 
adefovir is a Fanconi-like syndrome with 
phosphaturia and proteinuria. This toxicity 
is reversible and dose related. Several 
studies have found that adefovir is safe and 
effective in LAM-resistant chronic HBV 
infection [148,155]. However, its use as a 
first-line agent in patients with decompen- 
sated cirrhosis warrants further studies 
[156]. The major advantage of adefovir 
appears to be an apparent lack of develop- 
ment of drug-resistant mutants. 



TABLE 4-17. THERAPEUTIC AGENTS FOR 

CHRONIC HEPATITIS B CURRENTLY 
IN CLINICAL TRIALS 


Agent 


Phase 


Nucleoside analogue 




Emtricitabine (FTC) [157] 


III 


Entecavir [158] 


III 


Clevudine [159] 


II 


Famciciovir [161-164] 


III 


Nucleotide analogues 




Tenofovir [160] 


III 


Immunomodulators 




Thymosin alfal [165-167] 


III 



Table 4 - 17 . 



Therapeutic agents for chronic hepatitis B currently in clinical 
trials. Therapeutic agents in at least phase II level of development 
are listed. These include other nucleoside/nucleotide analogues as 
well as immunomodulators and cytokines. Emtricitabine is a 
nucleoside analogue structurally similar to lamivudine (LAM) and 
is also associated with development of YMDD mutants [157]. 
Entecavir is an orally administered nucleoside analogue with 
potent antiviral activities against hepatitis B virus (HBV), including 
LAM-resistant mutants [158]. Clevudine is a pyrimidine nucleoside 
analogue, currently in phase I/II trials [159]. Tenofovir disoproxil 
fumarate is a nucleotide analogue used for the treatment of HfV 
infection. In a pilot study involving 12 patients co-infected with 
HW and LAM-resistant HBV, at 24 weeks of therapy tenofovir 
decreased serum HBV DNA in all, but seroconversion in none 
[160]. Penciclovir is the active form of famciclovir that interrupts 
HBV DNA replication. Response to famciclovir monotherapy is less 
impressive than that seen with LAM or other more potent HBV 
inhibitors [161-164]. The myriad of therapies currently employed 
or projected for future clinical trials underscore the observation 
that eradication of HBV by a single drug remains, at present, an 
experience enjoyed by only a minority of patients. 
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Hepatitis C 



Since the discovery of hepatitis C virus (HCV) in 1989, 
patients with chronic hepatitis C have been encountered with 
extraordinary frequency in clinical practice. The enormous 
importance of this virus as a public health problem arises from 
its propensity to cause chronic infection in about 75% of 
persons who acquire it. Although only slowly progressive in 
most patients, cirrhosis develops eventually in up to one third 
of those with chronic hepatitis C, and some of these will 
develop complications of liver failure or hepatocellular carci- 
noma. Indeed, HCV-induced liver disease is now the leading 
indication for liver transplantation in the United States. Risk 
factors for progressive fibrosis include male gender, age over 40 
years at acquisition of HCV, heavy alcohol consumption, and 
coinfection with HIV. However, the risk of progression is diffi- 
cult to estimate in any individual patient. 

Hepatitis C virus is a member of the flavivirus family and is a 
parenterally transmitted agent; it is now recognized to have 
been the cause, before effective screening in 1992, of the over- 
whelming majority of what was once called posttransfusion 
non-A, non-B hepatitis. The other major risk factor for trans- 
mission is intravenous drug use. Vertical transmission from 
mother to infant occurs in 3% to 5% of cases, and more in 
HIV-co infected mothers. Sexual transmission may occur but is 
far less efficient than with other blood-borne viruses such as 
HIV or hepatitis B virus (HBV). Nosocomial transmission 
resulting from the use of nonsterilized equipment for large- 
scale immunization or parenteral therapeutic programs 
appears to be in part responsible for the high prevalence of 
HCV in some regions of the world. 

The biologic features of HCV have important clinical impli- 
cations. As an RNA virus, HCV displays considerable genomic 
variability. There are six major HCV genotypes. Genotype 1 
accounts for about 70% of cases in the United States and is, 
unfortunately, more resistant to current interferon-based thera- 
pies than genotypes 2 and 3, which account for most of the 
remainder. Moreover, genotype 1 requires a longer period of 
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treatment to achieve optimal results than do genotypes 2 and 
3. A more subtle genomic variability, even within single geno- 
types, occurs during the course of chronic infection within 
individual patients, resulting in the emergence of diverse 
quasispecies. This may have implications for treatment resist- 
ance, but it also makes the prospect of vaccine development 
challenging because genomic variability is particularly 
pronounced within the portion of the genome coding for 
envelope proteins. 

Initial identification of HCV is usually with a highly sensi- 
tive enzyme immunoassay (EIA). Frequently, such testing is 
done in patients with unexpected elevations in liver enzymes 
on routine medical examinations. For confirmation of infec- 
tion, recombinant immunoblot assay (RIBA) testing has been 
replaced with HCV RNA testing, most often by quantitative 
polymerase chain reaction (PCR). In addition to standard liver 
enzyme levels, other routine markers in the evaluation of 
hepatitis C include albumin, globulins, and leukocyte and 
platelet counts, which screen for synthetic dysfunction or 
hypersplenism related to cirrhosis-induced portal hyperten- 
sion. Assays to exclude other viral diseases {eg, HBV), genetic, 
and immunologic liver diseases are performed. Immunization 
against hepatitis A virus (HAV) and HBV is provided for 
susceptible HCV-infected persons. Determination of HCV 



genotype, in addition to viral load, is now performed 
routinely. A cornerstone in the evaluation of patients is the 
liver biopsy, which is the best measure of hepatic fibrosis. 
Patients with cirrhosis undergo periodic screening for liver 
cancer with tumor markers and noninvasive imaging tests. 

Antiviral therapy for HCV has evolved dramatically in recent 
years. Interferon monotherapy, which was associated with 
sustained virologic response (SVR) in only 15% of patients, was 
replaced by combination therapy with ribavirin in 1998, with a 
marked rise in SVR to 40%. Subsequently, standard interferon 
was replaced in the combination regimen with pegylated inter- 
feron, with a further improvement in SVR to about 55%. 
Genotype 2 or 3, low pretreatment viral load, and no or mild 
fibrosis continue to be associated with a greater likelihood of 
SVR. We can better predict the likelihood of SVR by assessing 
whether there has been a two-log reduction in viral level at week 
12. Special populations such as HIV-coinfected persons, those 
with normal ALT levels, hemodialysis patients, and liver trans- 
plant recipients remain areas of active investigation as does the 
role of long-term maintenance therapy with interferon to retard 
progressive fibrosis. We are at the dawn of an exciting era in 
which trials of novel agents such as viral enzyme inhibitors or 
genome sequence-based therapies are expected to proliferate. 



I EPIDEMIOLOGY 




Figure 5-1. 



Global prevalence of hepatitis C virus (HCV). According to the 
World Health Organization, approximately 3% of the world's popu- 
lation — about 170 million people — are infeaed with HCV [1]. The 
prevalence of hepatitis C varies globally. In the United States, 
approximately 3 million people are chronically infected with 



hepatitis C, with an estimated prevalence of 1.8%. The prevalence 
of HCV infection is highest in Egypt; this statistic has been attrib- 
uted to widespread parenteral antischistosomal therapy adminis- 
tered between 1961 and 1986 [2]. [Adapted from VJHO [3].) 
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Figure 5-2. 




Estimated incidence of acute hepatitis C 
vims (HCV) infection in the United States 
between 1960 and 2001. The incidence of 
new HCV infections has declined sharply 
since the late 1980s. The vims has been 
virtually eradicated from the blood supply 
owing to highly sensitive antibody testing, 
and recipients of clotting factors, such as 
hemophiliac patients, are also no longer at 
risk. In addition, the incidence of new 
infection in intravenous dmg users has 
declined. However, an estimated 35,000 
new cases still occur annually in the United 
States [4]. The prevalence of HCV in blacks 
is roughly twice that in whites [5]. [Adapted 
/rom Armstrong et aZ. [6].) 




Figure 5-3. 



Future prevalence of hepatitis C vims (HCV). Although the inci- 
dence of new cases of HCV is declining, the association of HCV 
with morbidity and mortality has never been greater, because it is 
only now that many patients with infection acquired two to four 
decades ago are developing clinically significant liver disease. 
Moreover, many infected patients have yet to be diagnosed. The 
slow progression of HCV-induced liver disease portends an antici- 
pated rise in the number of patients with end-stage liver disease. 
The consequences of HCV-associated liver disease, including 
complications of portal hypertension, hepatocellular carcinoma, 
and the demand for liver transplantation, will continue to rise over 
the next two to three decades. [Adapted from Armstrong et al [6]). 



TABLE 5-1. RISK FACTORS FOR HEPATITIS C 



Blood transfusion before 1992 
Hemophilia 

Intravenous dnjs abuse 
Intranasal cocaine use 
Body piercing and tattoos 
Needle-stick injury 
Hemodialysis 
Vertical transmission 
Sexual transmission 
Solid organ transplantation 
Nonsterilized injections 



Table 5-1. 



Modes of transmission. Parenteral transmission is responsible for 
the majority of cases of hepatitis C. Hepatitis C vims (HCV) 
accounted for at least 90% of posttransfusion hepatitis before the 
initiation of blood donor screening in 1992. Intravenous dmg use is 
a major risk factor for HCV acquisition, with 80% of intravenous 
dmg users acquiring the infection during the first year of their habit. 
Intranasal cocaine use has also been implicated as a possible risk 
faaor for transmission. Body piercing and receiving tattoos with 
nonsterilized equipment may also transmit the vims. Of those who 
sustain a needlestick injury from an infected patient, between 2% 
and 10% acquire the infection. Sexual transmission does occur, 
although the frequency is much lower than for hepatitis B vims 
(HBV) or human immunodeficiency vims (HfV); fewer than 2% of 
partners of infeUed persons without independent risk factors are 
found to be infected. Perinatal transmission is also far less efficient 
than for HBV or HfV, but there is still an incidence of about 5%. 

The risk is higher in infants born to HfV-coinfeaed mothers, 
presumably because of the higher HCV levels in these women. 
Transmission of the vims via breastfeeding has not been docu- 
mented, and the Centers for Disease Control does not advise 
against breastfeeding in this setting. Persons with risk factors for 
HCV should be offered testing for HCV infection even if their liver 
enzyme levels are normal. Sporadic infection, in which patients 
have HCV infection without identifiable risk factors, occurs in 
approximately 10% of cases [7-12]. 
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Figure 5-4* 



Representation of the hepatitis C virus (HCV) genome and 
encoded proteins. HCV is an enveloped flavivirus with a 9.6-kb 
single-stranded RNA genome of positive polarity comprising a 5' 
nontranslated region (NTR), a large open reading frame of approx- 
imately 9000 nucleotides encoding all viral proteins, and a 3' NTR. 
In addition to containing the internal ribosomal entry site (IRES) 
that mediates cap-independent translation initiation of the open 
reading frame (ORE), most of the 5' NTR sequence is necessary for 



efficient HCV replication [13]. The functions of the gene products 
produced after co- and posttranslational polyprotein processing by 
host signal peptidases and HCV-encoded proteases are shown here 
and have been recently reviewed [14]. The 3' NTR contains a poly 
(U/UC) tract immediately following the ORE stop codon and 
conserved RNA elements essential for HCV replication [15,16]. 
(Courtesy of Holly Hanson, PhD, and Charles Rice, PhD; Center 
for the Study of Hepatitis C, Rockefeller University and Weill 
Medical College of Cornell University, New York, NY.) 



120 



Atlas of the Liver 






Figure 5-5. 
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Model for replication cycle of hepatitis C 
virus (HCV). Although the specific recep- 
tors permitting HCV entry into host cells 
remain uncertain (steps 1 and 2), candidate 
receptors include the tetraspanin CD81 [17] 
and the low-density lipoprotein receptor 
(LDLR) [18]. The positive-strand HCV 
genome is translated in the cytoplasm (step 
3), while it is likely that the polyprotein is 
processed, replicase assembled, and nega- 
tive strand intermediate synthesized in 
association with the endoplasmic reticulum 
(ER) (steps 4 to 6). Newly generated posi- 
tive-strand RNA and structural proteins 
probably gain an envelope by budding into 
the ER (step 7) before being released by 
transport through the Golgi compartment 
(step 8). [Courtesy o/ Holly Hanson, PhD, 
and Charles Rice, PhD; Center for the Study 
of Hepatitis C, Rockefeller University and 
Weill Medical College of Cornell University, 
New York, NY.) 
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Figure 5-6» 



The hepatitis C virus (HCV) replicon system. In the absence of a 
robust cell culture model supporting full replication of HCV, the 
precise dissection of the HCV life cycle as well as testing of antiviral 
agents have been limited. Recent development of subgenomic HCV 
RNA replicons capable of replicating in the human hepatoma cell 
line, Huh7, has been a significant advance in the study of HCV 
biology [19,20]. Bicistronic constructs containing the gene 
encoding neomycin phosphotransferase (neo) upstream of the 
HCV genes are transcribed in vitro prior to RNA transfection into 



Huh7 cells. The IRES of HCV drives translation of neo and the 
encephalomyocarditis virus (EMCV) IRES directs HCV polyprotein 
translation. Transfected cells (blue) are selected by exposure to 
neomycin sulfate (G418) so that only those expressing neomycin 
phosphotransferase (green cells), and thus replicating HCV, 
survive. This system represents a powerful tool for the study of 
HCV replication as well as for drug discovery [21,22]. (Courtesy of 
Holly Hanson, PhD, and Charles Rice, PhD; Center for the Study 
of Hepatitis C, Rockefeller University and Weill Medical College of 
Cornell University, New York, NY.) 




Figure 5 - 7 * 



Cenot 5 TDe phylogenetic tree. This figure illustrates the phylogenetic analysis of nucleotide 
sequences from the NS5B region from HCV-positive patients. Hepatitis C virus (HCV) 
variants are divided into six main genotypes (numbered 1 through 6), many of which 
contain more closely related strain subtypes. The genotypes differ from one another at 
approximately 31% to 34% of nucleotide positions. Genotype does not appear to be asso- 
ciated with differences in the clinical course or natural history of hepatitis C but does have 
an important role in determining response to treatment in patients receiving combination 
interferon/ribavirin therapy. Genotype 1 is more resistant to interferon therapy than geno- 
types 2 and 3, and appears to require a longer duration of therapy to minimize the possi- 
bility of relapse in patients who have cleared virus while on therapy [ie, 12 vs 6 months of 
therapy). [Adapted from Simmonds [23].) 



122 



Atlas of the Liver 









Figure 5-8* 



Geographic distribution of hepatitis C virus (HCV) genotypes. Middle East and North and Central Africa; genotypes 5 and 6 are 

Genotypes 1 and 2 have broad worldwide distribution. Genotype 2 found most commonly in southern Africa and Southeast Asia, 

is commonly seen in Japan and Europe. Genotype 3 is most respectively [24,25]. [Adapted from Fang [26].) 

common in South Asia. Genotype 4 is most prevalent in the 





Figure 5-9. 



Distribution of genotypes in the United States. The most common 
genotype seen in the United States and Canada is type 1 (70%). 
Genotypes 2 and 3 are less common in the United States (25% to 
30%). For reasons still unclear, blacks have an extremely high 
prevalence of HCV genotype 1 (over 90%) in the United States. 



These figures illustrate the frequencies of HCV genotypes in the US 
population as a whole (A) and the prevalence of genotype 1 by 
race (B), and are based on data from a 5000-patient US trial 
(comparing weight-based vs fixed-dose ribavirin) [27]. 
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I CLINICAL AND LABORATORY EVALUATION 



TABLE 5-2. SYMPTOMS AND SIGNS 



Symptoms and signs attributable to hepatitis C infection 
Fatigue 

Difficulty with concentration 
Depression 

U ppe r atxjom i na I d i scomf art 
Hepatomegaly 

Extrahepatic manifestations of hepatitis C 
Arthralgias 
Purpura 

Raynaud's phenomenon 
Peripheral neuropathy 
Lichen planus 



Table 5-2. 



Symptoms and signs. Most patients with chronic hepatitis C vims 
(HCV) are asymptomatic. Many patients are diagnosed with chronic 
hepatitis C after routine blood testing reveals abnormal liver func- 
tion tests or on blood donation. Some patients complain of fatigue 
or abdominal discomfort in the right upper quadrant. Those who 
have extrahepatic manifestations of hepatitis C may note symptoms 
such as arthralgias, purpura, neuropathy, or urticaria. Patients with 
advanced HCV-induced liver disease may present with signs and 
symptoms consistent with complications of portal hypertension, 
hypersplenism, hepatic encephalopathy, and ascites. 



TABLE 5-3. APPROACH TO THE PATIENT WITH 
HEPATITIS C 



Assess likely duration of infection 
Alcohol consumption 
Physical examination for signs of cirrhosis 
Assess for laboratory features of advanced fibrosis 
AST>ALT 

Globulins to albumin ratio >T1 
Elevated prothrombin time 
Leukopenia, thrombocytopenia 
Virologic testing 
Quantitative HCV RNA 
Genotype 
Liver biopsy 

Consideration of antiviral therapy 



Table 5-3. 



Approach to the patient with hepatitis C vims (HCV). Evaluation of a 
patient with chronic hepatitis C should indude an assessment of the 
likely duration of infection and the impaa of infection on the physical 
and emotional well-being of the patient. The amount of alcohol 
consumption should be ascertained because of the potential for heavy 
alcohol intake to hasten the progression of fibrosis in HCV-infeaed 
patients. Potential contraindications to interferon-based antiviral 
therapy, including severe psychiatric illness, coronary artery disease, 
pulmonary disease, seizure disorders, and autoimmune diseases 
(including psoriasis, rheumatoid or psoriatic arthritis, lupus erythe- 
matosus, inflammatory bowel disease, and sarcoidosis) should be 
explored. Physical examination should evaluate for signs of advanced 
liver disease and evidence of extrahepatic manifestations of hepatitis 
C. Laboratory testing to evaluate liver function and evidence of 
cirrhosis or decompensated liver function is important. Additional 
testing excludes other coexisting liver diseases, including chronic hepa- 
titis B, autoimmune liver diseases, hemochromatosis, and a ^ -antit- 
rypsin deficiency. Immunity to hepatitis A and hepatitis B should be 
ascertained, and vaccination offered to those who are seronegative. 
Laboratory testing should include a quantitative HCV RNA assay and 
determination of viral genotype. Liver biopsy is important to deter- 
mine the degree of hepatic inflammation and especially fibrosis. 



TABLE 5-4. VIROLOGIC TESTING IN HEPATITIS C 



Enzyme-linked immunosorbent assay 
Recombinant immunoblot assay 
HCV RNA assays 
Qualitative PCR 
Quantitative PCR 

Transcription-mediated amplification 
Branched DNA assay 



Table 5-4. 



Virologic testing in hepatitis C. Patients with chronic hepatitis C are 
initially identified by positive antibody testing. HCV RNA levels, most 
commonly performed with polymerase chain reaction (PCR) assay, 
should be measured as part of the evaluation to definitively establish 
the presence of chronic infection and to help predict response to 
therapy. Once reported in units of viral genomic copies per milliliter of 
semm, an international standardization system now yields HCV RNA 
levels measured in international units (lU) per milliliter. Patients with 
high viral levels, eg, over 800,000 lU/mL or 2,000,000 copies/mL [28], 
are more resistant to complete viral clearance. Other means of quanti- 
fying HCV RNA include branched DNA (bDNA), which is slightly less 
sensitive to small amounts of vims than PCR (detecting > 600 lU/mL), 
and transcription-mediated amplification (TMA), which can detect 
even smaller amounts of vims than PCR (> 5 lU/mL). Determination 
of HCV genotype is essential to assess the likelihood of response to 
treatment and the anticipated duration of therapy. ELA — enzyme 
immunoassay; RIBA — recombinant immunoblot assay. 
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Chronic hepatitis C anti HCV 




Figure 5 - 10 . 



Serologic sequence in hepatitis C virus (HCV) infeaion. HCV RNA is 
the first marker to appear approximately 2 to 4 weeks after exposure. 
Symptoms and jaundice may appear 6 to 12 weeks after exposure. 
Subsequent to the appearance of HCV RNA, the alanine aminotrans- 
ferase (ALT) level begins to rise, and may not peak for several weeks. 
Peak ALT is generally lower than in acute hepatitis A and B. The 
appearance of antibody to HCV (anti-HCV) may be delayed for up to 
12 weeks after exposure. Thus, polymerase chain reaction (PCR) must 
be performed in acute hepatitis to reliably exclude HCV as the cause. 

Approximately 25% of persons with acute HCV infection clear 
the virus spontaneously, whereas 75% develop chronic infection. In 



a minority of patients who develop chronic infection, a brief period 
of absence of viremia may occur after the acute stage. Anti-HCV 
expression may be transient in those who clear infection, whereas 
antibodies are almost always persistent in patients with chronic 
hepatitis C. Most patients do not present during the acute phase of 
the illness but instead are diagnosed years later with chronic HCV 
[29,30]. In patients with chronic hepatitis C, some patients have an 
intermittently or persistently normal ALT level. The figures illustrate 
the serologic sequence in acute self-limited (A) and chronic (B) 
HCV infections. {Adapted from the Centers for Disease Control [31].) 
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Figure 5-11 ♦ 



Recombinant immunoblot assay (RIBA) 3.0 (Chiron Corp., Emeryville, 
CA). RIBA is used as a supplemental assay for specificity for enzyme- 



linked immunosorbent assay-positive specimens. The RIBA 3.0 assay 
detects four epitopes: clOO-3, NS-5, c33c, and c22-3. A positive result is 
indicated by reaction of two or more epitopes. An indeterminate result 
is defined as the observation of only one positive band. Reactions to 
human superoxide dismutase, the substance bound to epitopes in the 
assay, are considered false-positive [32-34]. The most common use of 
the RIBA in current clinical praaice is in patients with a positive 
enzyme immunoassay (ElA) and negative HCV RNA. In these patients, 
the RIBA test helps to distinguish patients who have been tmly infected, 
and thus require follow-up monitoring to ensure long-term viral clear- 
ance, from those with either a false-positive ElA or remote infection that 
has no realistic chance of reappearing. ALT — alanine aminotransferase; 
HCV — hepatitis C vims; SOD — human superoxide dismutase. 




Figure 5 - 12 . 



Detection of hepatitis C vims (HCV) RNA by polymerase chain reaction (PCR). PCR is an 
amplification technique used to detect HCV RNA in both the semm and the liver. PCR is diffi- 
cult to perform, and contamination may occur leading to false-positive results. Both qualita- 



tive and quantitative PCR assays are readily 
available. Detection of HCV RNA by PCR 
may be the only means of diagnosing acute 
HCV infection, because antibody appearance 
may be delayed for up to 12 weeks following 
exposure. PCR assays are used most often in 
clinical praaice to confirm the presence of 
viremia in patients with chronic HCV infec- 
tion and to quantify the level of viremia. 
Quantification of HCV RNA is an adjuna to 
prediaing the likelihood of response to 
antiviral therapy, and also serves as a baseline 
for comparison prior to initiation of therapy. 
HCV RNA assays are also useful in patients 
who are immunocompromised, in whom 
the enzyme immunoassay may be false-nega- 
tive, such as those with advanced HfV infec- 
tion, or occasionally in patients on 
hemodialysis [35,36]. {Adapted from Chiron 
Corp., Emeryville, CA.) 
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Figure 5-1 3* 



Transcription-mediated amplification (TMA). TMA is a target 
amplification technology that produces RNA copies [ie, ampli- 
cons) of a sequence of the hepatitis C virus (HCV) genome. The 
assay consists of three steps that are performed in a single tube: 
target capture, target amplification, and amplicon detection. In 
target capture, HCV RNA that is released from detergent-treated 
virions is captured onto poly (dT)-modified magnetic particles by 
means of a probe that has both oligo (dA) sequences as well as 
virus-specific sequences. In target amplification, RNA amplicons 
are produced from a portion of the 5' noncoding region of the 
captured HCV RNA using two enzymes, reverse transcriptase, and 



■ EXTRAHEPATIC MANIFESTATIONS 



TABLE 5-5. EXTRAHEPATIC MANIFESTATIONS OF 
HEPATITIS C 



Essential mixed cryoslobulinemia 
B-ceil non-Hodgkin's lymphoma 
Porphyria cutanea tarda 
Membranoproliferative glomerulonephritis 
Lichen planus 
Sjogren's syndrome 
Diabetes mellitus type 2 



T7 RNA polymerase, that function simultaneously on different 
templates in the amplification steps. Target amplification is 
isothermal {ie, occurs at one temperature) as both enzymes func- 
tion at a single temperature and it results in a theoretical amplifica- 
tion of 10^-fold. Amplicons are detected following hybridization to 
DNA probes that are complementary to sequences in the RNA 
amplicons. Probes that do not hybridize to RNA amplicons are 
degraded and those that form hybrids with RNA amplicons yield 
chemiluminescence in a subsequent step of the assay. [Courtesy of 
David Hendricks, PhD, Bayer Corporation.) 



Table 5-5. 



Extrahepatic manifestations of hepatitis C. In addition to hepatic 
disease, there are important extrahepatic manifestations of hepa- 
titis C infection that result from autoimmune and lymphoprolifer- 
ative processes [37]. The association with essential mixed cryoglob- 
ulinemia is strong in all geographic areas studied, while the 
association with lymphoma is stronger in Europe than in the 
United States [38,39]. Further evidence for the association with 
lymphoma comes from the observation of regression of splenic 
lymphoma with villous lymphocytes in patients with hepatitis C 
treated with interferon who achieve viral clearance [40]. The asso- 
ciation of HCV with type 2 diabetes has been strongly suggested in 
epidemiologic studies [41,42], but the mechanism is unknown. 
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Figure 5 - 14 . 



Vasculitis and cryoglobulinemia related to hepatitis C virus. The vast 
majority of patients with essential mixed cryoglobulinemia (EMC) 
have chronic hepatitis C. Approximately 40% of patients with 
chronic hepatitis C infection have detectable semm cryoglobulins, 
although most patients do not develop symptoms. EMC is a 
systemic vasculitis caused by the deposition of immune complexes 
on the walls of small- and medium-caliber arteries and veins. These 
immune complexes lead to complement activation and tissue 
damage that manifest most commonly as purpura, arthralgias, skin 
ulcers, peripheral neuropathy, Raynaud's phenomenon, and 
membranoproliferative glomemlonephritis. Symptoms improve 
with antiviral therapy, although some patients with severe disease, 
eg, rapidly progressive glomemlonephritis, may require immunosup- 
pressive therapy or plasmapheresis. The figure on the right depicts 
areas of purpura on the medial aspect of the lower extremity of a 
patient with hepatitis C. The photograph on the left shows uncen- 
trifuged semm after 48 hours at 4°C with the arrow indicating cryo- 
precipitate [43-48]. 



Figure 5 - 15 . 



Membranoproliferative glomemlonephritis. Membranoproliferative 
glomemlonephritis results from deposition of hepatitis C vims 
(HCV) containing immune complexes in the kidney [49]. This light 
microscopic image of a nephron with periodic acid-Schiff staining 
depicts subendothelial cryoglobulinemic deposits [arrowheads), 
capillary precipitation of cryoglobulins [white arrows), and promi- 
nent macrophage infiltration [black arrows). [Courtesy o/Surya 
Seshan, MD, Weill Medical College of Cornell University, New York.) 



Figure 5 - 16 . 



Porphyria cutanea tarda (PCT). Approximately 50% to 70% of 
patients with porphyria cutanea tarda (PCT) in the United States 
are positive for antibodies to hepatitis C vims (HCV). PCT is asso- 
ciated with decreased activity of hepatic uroporphyrinogen 
carboxylase activity. Most patients with HCV and PCT have mild to 
moderate iron overload. Symptoms of PCT include cutaneous blis- 
ters and vesicles, hypertrichosis, and changes in pigmentation. All 
PCT patients should be tested for the presence of hepatitis C. Iron 
plays an important role in the pathogenesis of PCT by decreasing 
uroporphyrinogen decarboxylase activity through the formation of 
a nonporphyrin inhibitor of the enzyme, and by increasing the 
production of uroporphyrin, which cannot be used as a substrate 
for uroporhyrinogen decarboxylase. Treatment in these patients is 
focused on removal of iron with phlebotomy, avoidance of alcohol 
and estrogens, and antiviral therapy [50-53]. 
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Figure 5-17* 



Evolution of hepatitis C virus (HCV) infection. About 75% of 
HCV-infected patients will develop chronic infection. Cirrhosis is 
estimated to occur eventually in 20% to 40% of chronic HCV 
patients. Although natural history studies are still incomplete, up 
to half of those with cirrhosis may eventually develop significant 
morbidity or mortality. In patients with cirrhosis, 1% to 4% of 
patients per year develop hepatocellular carcinoma. The time 
course to the development of cirrhosis and its complications is 
highly variable [54-57]. 




Figure 5-1 8* 



Immune response and acute hepatitis C virus infection. After acute hepatitis C infection, a 
vigorous CD4+ and CD8+ T-cell response to viral peptides (left side of figure) is necessary 
for viral control and ultimate viral clearance and resolution of infection. The absence of 
such a response (right side of figure) is an important factor contributing to the development 
of chronic hepatitis C infection. The relationship between a vigorous, broadly directed 
intrahepatic T-cell response and viral clearance has been best characterized in chim- 
panzees. Studies of peripheral lymphocytes suggest a similar correlation in humans with 
acute HCV infection as well [58,59]. 



TABLE 5 6. RISK FACTORS FOR DISEASE 
PROGRESSION 



Male sex 

Ase at infection > 40 years 
Alcohol consumption > 30-50 s/d 
HIV coinfection 



Table 5-6. 



Risk factors for disease progression. Several independent risk factors 
associated with the progression of fibrosis have been identified. 
Infection at greater than 40 years of age is associated with more 
rapid disease progression than infection at a younger age. Male sex 
and coinfection with HIV are both associated with more rapid 
disease progression. Daily alcohol consumption of more than 50 g 
is associated with disease progression, while the significance of 
regular consumption of smaller amounts of alcohol is presently 
unclear. This results in some variability in the advice physicians give 
patients with mild HCV-induced liver disease about the consump- 
tion of small amounts of alcohol, with some permitting this while 
others do not. Patients with a persistently normal alanine amino- 
transferase tend to have slower disease progression [56,60-62,94]. 




Figure 5-19. 



Prevalence of liver fibrosis in asymptomatic persons with hepatitis 
C vims (HCV). Although most patients with chronic hepatitis C 
are asymptomatic, significant liver disease may be present in this 
population. A recent study tested 4820 apparently healthy people 
being screened for cardiovascular risk factors and found HCV infec- 
tion in 85 (1.8%). Forty-six percent of these patients had a persist- 
ently normal alanine aminotransferase (ALT). Of the 78 patients 
who underwent a liver biopsy, 1 9% of the normal-ALT patients and 
52% of the patients with an elevated ALT had significant fibrosis 
(F2 or more) [63]. This underscores the importance of screening 
patients with risk factors for hepatitis C to detect those with signifi- 
cant liver disease. 
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Figure 5 - 20 . 



Fibrosis progression. The rate of disease progression in an indi- 
vidual patient with chronic hepatitis C is variable and is best 
assessed by performing interval biopsies to determine the degree of 
liver fibrosis. In a study of 123 patients with paired liver biopsies at 
a mean interval of 44 months (range, 4 to 212 months), 39% had 
progression of their liver disease. Age over 45 years, ALT at initial 
biopsy, and degree of periportal necrosis and inflammation on 
initial biopsy were the best predictors of fibrosis progression [64]. 
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Figure 5 - 21 . 



Natural history of transfusion-associated hepatitis C. Seeff et al [65] 
followed 568 patients for 18 years after transfusion-associated non- 
A non-B hepatitis [65]. There was an increase in liver-related but not 
all-cause mortality in these patients compared with controls (3.3% 
vs 1.5%). A follow-up study of the same cohort 7 years later 
revealed a further increase in liver-related mortality in documented 
HCV-positive cases compared with controls (4.1% vs 1.3%) [66]. 
Alcoholism was an important cofactor in patients who died from 
liver disease. This figure illustrates mortality from all causes among 
subjects with non-A, non-B hepatitis and controls. {Adapted from 
Seeketal [66].) 




Figure 5 - 22 . 



Natural history of hepatitis C virus (HCV) cirrhosis: cumulative 
risk of complications. Few studies have assessed the natural history 
of HCV cirrhosis. A large multicenter European study followed 384 
patients with HCV cirrhosis for a mean period of 5 years. The 5- 
and 10-year probability rates of developing decompensation were 
18% and 29%, respectively. {Adapted from Fattovich et al [67].) 




Figure 5 - 23 . 



Natural history of hepatitis C virus (HCV) cirrhosis: survival proba- 
bility. Fattovich et al [67] reported that the 5-year survival proba- 
bility of patients with compensated cirrhosis was 91%. This proba- 
bility dropped significantly after the appearance of the first major 
complication. {Adapted from Fattovich et [67].) 
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Figure 5-24« 



Hepatocellular carcinoma (HCC). HCC occurs in patients with 
cirrhosis from chronic hepatitis C at a rate of 1% to 4% per year, 
whereas HCC is extremely uncommon in hepatitis C virus (HCV)- 
infected patients without cirrhosis. Patients with chronic hepatitis 
C should be screened on a regular basis after the development of 
cirrhosis. Some clinicians begin screening for HCC in patients with 
bridging fibrosis on liver biopsy because of concern that sampling 
error may result in failure to detect fully developed nodules. 
Although current practices involve periodic liver imaging and a- 
fetoprotein (AFP) testing, the frequency and imaging modality of 
choice have not yet been established [68-70], nor has the precise 
impact of early detection on long-term survival [71]. This figure 
illustrates a small HCC lesion in the left lobe of the liver seen on 
MRI that was identified early by screening. [Courtesy o/ Elias 
Kazam, MD, New York, NY). 




Figure 5-25* 



Hepatocellular carcinoma. This patient has an advanced, multicen- 
tric hepatocellular carcinoma in the right lobe of the liver with 
involvement of the right portal vein, seen on MRI. Main portal vein 
involvement precludes the option of liver transplantation. The 
lesion is also unresectable because of its extensive and multicentric 
distribution in the setting of a cirrhotic liver. Therapeutic options 
in such patients are extremely limited and the prognosis is poor. 
[Courtesy o/ Elias Kazam, MD, New York, NY). 



I msTOLOGy 



TABLE 5-7. RATIONALE FOR LIVER BIOPSY IN 
HEPATITIS C 



Determination of urgency of antiviral therapy 

Determination of aggressiveness of therapy if adverse effects occur 

Prediction of response to antiviral therapy 

Exclusion of other liver diseases 

Need for screening for HCC 

Consideration of maintenance therapy in nonresponders 
Baseline for future comparison to assess interval progression 



Table 5-7* 



Rationale for liver biopsy in patients with hepatitis C. Liver biopsy 
is the cornerstone of evaluation and formulation of a therapeutic 
plan in patients with chronic hepatitis C. Unlike alanine amino- 
transferase and HCV RNA levels, which can fluctuate widely and 
do not correlate well with the degree of chronic liver injury, a liver 
biopsy establishes the presence and severity of chronic hepatitis 
and fibrosis. The degree of fibrosis is the most important factor in 
determining who should be treated and the urgency of treatment. 
The aggressiveness with which therapy is pursued in the face of 
adverse effects may depend on the degree of fibrosis on a baseline 
biopsy. Data obtained from the liver biopsy are useful in excluding 
other causes of liver injury, and provide a baseline for future 
comparison, particularly in patients who elect to remain untreated 
or in whom a previous course of therapy has failed and retreat- 
ment is being considered. 
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TABLE 5-8. METAVIR SCORING SYSTEM 



Stage Description 

0 No fibrosis 

1 Portal fibrosis without septa 

2 Portal fibrosis with rare septa 

3 Numerous septa without cirrhosis 

4 Cirrhosis 



Table 5-8. 



METAVIR scoring system. To standardize histology assessments 
between different pathologists, various grading systems have been 
developed to express the severity of hepatitis C virus-induced liver 
injury. The Metavir system is widely used; it grades the degree of 
inflammation and stages the degree of fibrosis [72]. 




Figure 5-26. 



Liver biopsy. Percutaneous liver biopsy with or without ultrasonic 
guidance is the most commonly used diagnostic approach. 
Laparoscopic liver biopsy, performed in only a few centers, has the 
advantage of minimizing the sampling error by facilitating gross 
inspection of the liver and thus ensuring an adequate biopsy 
sample size [73,74]. This image is a laparoscopic view of a patient 
with chronic active hepatitis and cirrhosis. 




Figure 5-27, 



Histologic features of hepatitis C virus (HCV). Although the histo- 
logic features of chronic HCV are not diagnostic, certain character- 
istic findings are frequently found. Lymphoid follicular-like aggre- 
gates in the portal areas, fatty infiltration, bile ductular changes, 
and sinusoidal inflammation are common. Further, there may be 
secondary iron deposition, evidence of coinfection with hepatitis 
B, or alcoholic liver injury in these patients. The differential diag- 
nosis of the histologic findings of chronic hepatitis C includes 
both viral and nonviral etiologies. An assessment for concomitant 
nonalcoholic steatohepatitis is important. This specimen reflects 
an inflammatory lymphocytic infiltrate that remains confined 
predominantly to the portal area. [Courtesy 0 / Lydia Petrovic, MD, 
Weill Medical College of Cornell University, New York, NY.) 




Figure 5-28* 



Macrovesicular fatty infiltration. A typical histologic feature of 
chronic hepatitis C is macrovesicular fatty infiltration, evident on 
this liver biopsy specimen, which also shows mild lobular inflam- 
mation. [Courtesy 0 / Lydia Petrovic, MD, Weill Medical College of 
Cornell University, New York, NY.) 
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Figure 5-29. 




Stage 1 disease. This specimen shows mild portal fibrosis confined 
to the portal tract. {Courtesy 0 / Lydia Petrovic, MD, Weill Medical 
College of Cornell University, New York, NY.) 




Figure 5-30. 



Stage 2 disease. This specimen shows fibrosis extending beyond the 
portal tract. {Courtesy 0 / Lydia Petrovic, MD, Weill Medical College 
of Cornell University, New York, NY.) 




Figure 5-31. 



Stage 3 disease. This specimen demonstrates bridging fibrosis. 
{Courtesy 0 / Lydia Petrovic, MD, Weill Medical College of Cornell 
University, New York, NY.) 



Figure 5-32* 



Stage 4 disease. This liver biopsy specimen demonstrates well-estab- 
lished cirrhosis secondary to hepatitis C. {Courtesy 0 / Lydia Petrovic, 
MD, Weill Medical College of Cornell University, New York, NY.) 



Atlas of the Liver 



132 













Figure 5 - 33 . 




Hepatocellular carcinoma. This histologic documentation of a 
well-differentiated hepatocellular carcinoma in a patient who has 
cirrhosis from chronic hepatitis C demonstrates a typical trabecular 
pattern. [Courtesy 0 / Lydia Petrovic, MD, Weill Medical College of 
Cornell University New York, NY.) 



I TREATMENT 





Time 



Figure 5 - 34 * 



Evolution of treatment. The primary goal of therapy for hepatitis C 
virus (HCV) is to achieve a sustained virologic response (SVR), 
defined as the inability to detect HCV RNA by polymerase chain 
reaction 6 months after completion of therapy. Interferon-alfa was 
approved by the FDA in 1991 to treat patients with chronic hepatitis 
C. Subsequent studies demonstrated that the addition of ribavirin 
significantly enhanced sustained virologic response rates. This led to 
the approval of combination interferon and ribavirin therapy in 
1998. Pegylated interferons alfa-2b and alfa-2a were approved after 
their superiority over standard interferon became established. 
Combination therapy with pegylated interferon and ribavirin is the 
current standard of care for chronic hepatitis C patients naive to 
treatment. Current combination treatment regimens with pegylated 
interferon and ribavirin result in overall sustained virologic 
response rates of 54% to 56% [75,76]. Many experts now consider 
this a virologic cure since fewer than 2% of patients who achieve an 
SVR have detectable virus on future testing [77]. 



Figure 5 - 35 * 



Patterns of response. Patients who achieve a sustained virologic 
response (SVR) have a rapid fall in hepatitis C vims (HCV) RNA and 
viral levels remain undetectable during and after therapy (A). A 
significant proportion of patients are nonresponders (B) or only 
partial responders (C) to interferon and ribavirin therapy and have 
persistent HCV viremia during therapy. Some patients develop a 
"breakthrough" of the vims during what initially appears to be 
successful therapy (D). The reappearance of viremia during therapy 
may be associated with changes to a more resistant form of vims. 
More commonly, 15% to 20% of responders to current treatment 
with pegylated interferon and ribavirin experience relapse, with 
recurrence of viremia following cessation of therapy (B). 
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Figure 5 - 36 . 
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Development of pegylated interferon. Recent advances in hepatitis 
C therapy have resulted from the development of pegylated inter- 
ferons. Pegylated interferon is formed by the covalent attachment 
of a polyethylene glycol (PEG) molecule to standard interferon. 
These new, larger molecules remain in the circulation for a longer 
period of time and reduce the disparity between serum peaks and 
troughs associated with thrice weekly dosing of standard inter- 
feron, the latter having a half-life in blood of only 3-8 hours. The 
PEG molecule in peginterferon alfa-2b is a linear 12-kD molecule, 
while the PEG molecule in peginterferon alfa-2a is a branched, 40- 
kD molecule. The specific properties of the two available peginter- 
ferons vary in such features as peak-to-trough ratio (1.5 to 2:1 for 
peginterferon alfa-2a, 6:1 for peginterferon alfa-2b) and elimina- 
tion half-life (80 hours for peginterferon alfa-2a, 40 hours for 
peginterferon alfa-2b). This figure illustrates the structure of the 
two PEG molecules [78,79]. 




Figure 5 - 37 . 



Pegylated interferon (PEG IFN) alfa-2b and ribavirin: data from 
Manns etal [75]. Manns etal. [75] demonstrated the superiority of 
combination therapy with PEG IFN alfa-2b and ribavirin (RBV) 
over standard interferon and ribavirin. In addition, a higher dose 
of PEG IFN alfa-2b, 1.5 pg/kg of body weight weekly, was more 
effective than a lower dose of 0.5 pg/kg, despite the use of a lower, 
fixed dose of RBV (800 mg/d) with the higher dose of PEG IFN 
and a higher dose of RBV (1000 to 1200 mg/d based on body 
weight under or over 75 kg) with the lower dose of PEG IFN. As in 
all previous trials with interferon-based therapy, sustained virologic 
response (SVR) rates were higher in patients with genotypes 2 and 
3 than in those with genotype 1. However, the increment in effi- 
cacy was greatest for the genotype 1 patients. Logistic regression 
analysis of this trial demonstrated that patients receiving over 10.6 
mg/kg RBV daily in the fixed-RBV dosage arm, ie, patients weighing 
less than 75 kg, had superior rates of sustained response (61%) 
than those receiving less than 10.6 mg/kg (50%). These findings 
have led to a large US study of fixed- versus weight-based dosing of 
RBV combined with PEG IFN alfa-2b 1.5 pg/kg [27]. 




Figure 5 - 38 . 



Pegylated interferon (PEG IFN) alfa-2a and ribavirin (RBV): data 
from Fried et al. [76]. Fried et al. [76] reported results from another 
large randomized controlled trial establishing the superior efficacy 
of combination PEG IFN alfa-2a at a fixed dose of 180 pg weekly, 
combined with RBV 1000 to 1200 mg daily, over standard inter- 
feron and RBV. The latter, in turn, was superior to a regimen of 
PEG IFN alfa-2a 180 pg without RBV. Note again the high rates of 
sustained virologic response (SVR) for genotypes 2 and 3, and the 
increment in efficacy compared with older therapy in patients with 
HGV genotype 1. 
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Figure 5-39. 




Viral kinetics with interferon therapy. With interferon treatment, there is a two phase drop 
in HCV RNA levels. Mathematical modeling studies have indicated that phase 1 is the 
rapid decline in circulating HCV RNA soon after initiation of therapy and is thought to 
represent decreased production and release of virus particles from infected hepatocytes. 
Phase 2, the more gradual late decline in HCV RNA levels, represents elimination of virally 
infected cells [80]. {Adapted from Neumann [80].) 



TABLE 5-9. PREDICTORS OF TABLE 5-1 0. ABILITY OF THE WEEK 1 2 VIRAL 

FAVORABLE RESPONSE RESPONSE TO PREDICT SVR/NR WITH 

PEG IFN/RIBAVIRIN THERAPY 



Prior to treatment 
Ase < 40 y 
Genotype 9 or 3 

Low serum HCV RNA levels (< 2 million copies/mL) 
Absence of bridsing fibrosis or cirrhosis 
Absence of coinfection with HIV 
Non-African-American race 
During Treatment 

Decline in HCV RNA by over 2 logs at 1 2 wks of therapy 
Adherence to therapy 



Table 5-9. 



Predictors of favorable response. Factors associated with a favor- 
able response to combination pegylated interferon plus ribavirin 
therapy include the presence of a low serum hepatitis C virus 
(HCV) RNA level, genotype other than 1, the absence of cirrhosis, 
and adherence to therapy. Rapid loss of HCV RNA has been associ- 
ated with improved sustained response rates, whereas patients who 
have delayed clearance of virus {eg, clearance beyond the 12-week 
time point) have a higher chance of relapse. 



Early Virologic 
Response (n) 


Treatment Response, % 


SVR 


NR 


PEG IFN a-2b [75] 






Yes (388) 


70.4 


29.6 


No (124) 


1.0 


99,0 


PEG IFN a-9a [76] 






Yes (390) 


64.9 


35,1 


No (63) 


3-.2 


96,8 


Combined Data (81 ] 






Yes (778) 


67.6 


32.4 


No (187) 


1.6 


98.4 



Table 5-10. 



Early virologic response. Combination therapy with pegylated inter- 
feron and ribavirin is associated with many side effects and adherence 
to therapy can be challenging for some patients. Early prediaors of an 
eventual response or nonresponse to therapy are therefore desired to 
identify those patients who will not clear the vims despite continued 
therapy. Data from the two large randomized controlled pegylated 
interferon and ribavirin trials have shown that patients who are 
destined to clear the hepatitis C vims (HCV) and achieve an SVR 
nearly always have a 2 log or greater drop in HCV RNA levels by week 
12 of therapy. Failure to achieve this early virologic response (EVR) at 
12 weeks of therapy is highly predictive of later failure to achieve a 
sustained response and is an indication to consider the discontinua- 
tion of therapy [75,76,81]. Most important is the high negative predic- 
tive value (97%-99%) signifying that eventual SVR is rare in the 
absence of EVR, which will ensure that very few patients who fail to 
achieve EVR will be deprived of the chance for HCV eradication 
because of early treatment discontinuation. {Courtesy of the Chronic 
Liver Disease Foundation.) 
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Figure 5 - 40 * 
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TABLE 5-1 1 . SIDE EFFECTS OF INTERFERON 


Flu-like symptoms 


Endocrine disorders 


Fatigue 


Thyroid dysfunction 


Fever 


Hematologic disorders 


Rigors 


Anemia 


Malaise 


Leukopenia 


Headache 


Thrombocytopenia 


Weight loss 


Neutropenia 


Myalgias, arthralgias 


Dermatologic adverse events 


Gastrointestinal symptoms 


Injection site reactions 


Nausea 


Rash 


Diarrhea 


Alopecia 


Neuropsychiatric symptoms 


Rare adverse events 


Insomnia 


Retinopathy 


Depression 


Sarcoidosis 


Irritability 


Hyperglycemia 


Loss of concentration 


Hearing loss 


Dizziness 


Pneumonitis 




Colitis 


TABLE 5-12. SIDE EFFECTS OF RIBAVIRIN 



Hemolytic anemia 

Nausea 

Skin rash 

Pruritis 

Diarrhea 

Insomnia 

Dyspnea 

Cough 

Teratogenic and embryotoxic effects 



Adherence to therapy. Patients who take greater than 80% of the dose 
of each drug for more than 80% of the intended treatment duration 
have higher sustained virologic response (SVR) rates than patients 
who are less adherent to therapy. Therefore, every effort should be 
made to help patients adhere to optimal dose therapy with dose 
patient monitoring and proactive management of such adverse effects 
as cytopenias and depression (see Table 5-10) [82]. ITT — intention to 
treat; PEG IFN — pegylated interferon; RBV — ribavirin. 



Table 5 - 11 . 



Side effects of interferon. Side effects of interferon are common and 
include fever, headache, myalgias, rigors, fatigue, and injection site 
reactions. Side effects such as depression, irritability, thyroid 
dysfunction, and alopecia, are also important; depression is one of 
the most frequent causes for treatment discontinuation, but may be 
treated effectively with a variety of antidepressant dmgs such as the 
selective serotonin reuptake inhibitor drugs. Retinopathy and optic 
neuritis are uncommon but frequently compel discontinuation of 
therapy when they occur. Autoimmune disorders including 
systemic lupus erythematosus, psoriasis, and inflammatory arthritis 
can worsen on interferon therapy. Patients taking interferon should 
be closely monitored and care must be taken when administering 
interferon to patients with seizure disorders, coronary disease, 
pulmonary disease, autoimmune disorders, and significant psychi- 
atric disease. Patients with decompensated liver disease are gener- 
ally not considered treatment candidates, although treatment may 
be offered by experienced clinicians at transplant centers after trans- 
plant evaluation has been initiated. Most interferon side effects are 
reversible on cessation of treatment, but permanent thyroid 
dysfunction, requiring long-term thyroid supplementation, may 
occur [83]. 



Table 5 - 12 * 



Side effects of ribavirin. Common side effects of ribavirin include 
nausea, skin rash, cough, and shortness of breath. The most impor- 
tant side effect is a hemolytic anemia that occurs in most patients, 
is dose dependent, and begins during the first 4 weeks of therapy. 
The average decrease in hemoglobin is 2 to 3 g. The dyspnea 
reported by some patients may be disproportionate to the degree 
of anemia. Patients taking ribavirin should be closely monitored 
and care must be taken when administering ribavirin to patients 
with coronary artery disease, renal insufficiency, and preexisting 
anemia. Ribavirin is teratogenic and embryotoxic, and conception 
must be avoided during therapy and for at least 6 months 
following cessation of therapy for both male and female patients 
[84,85]. 
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Figure 5 - 41 . 



Hematologic side effects of interferon (IFN) and ribavirin (RBV). IFN causes neutropenia 
and thrombocytopenia. Interferon-induced neutropenia is thought to be mediated through 
several mechanisms, including dose-dependent suppression of pluripotent hemopoietic 
progenitor cells, decreased release of leukocyte precursors into the circulation, and splenic 



sequestration of circulating leukocytes 
[86-88]. The degree to which IFN-induced 
neutropenia predisposes patients to develop 
bacterial infections is currently unclear. 
Thrombocytopenia is rarely severe enough 
to require intervention except in patients 
with advanced liver disease. RBV causes a 
dose-dependent hemolytic anemia with an 
average decrease in hemoglobin of 2 to 3 g 
and begins during the first 4 weeks of 
therapy. Hematologic side effects may be 
managed with growth factor administration 
(granulocyte colony-stimulating factor, and 
erythropoietin, and/or dose reduction of 
interferon and ribavirin). Clinical trials are 
currently addressing the role of these factors 
in promoting adherence to antiviral therapy 
and in affecting outcome of antiviral 
therapy. Like most side effects of interferon 
and ribavirin, the hematologic effects are 
reversible on discontinuation of therapy 
[89-91]. [Adapted from Maddrey ct a/. [92].) 




Figure 5 - 42 * 



Impact of interferon and ribavirin on liver fibrosis. Poynard et al 
reviewed pooled data from 3010 patients treated with 10 different 
regimens of standard and pegylated interferon and ribavirin and 
found significant improvements in both the degree of inflamma- 
tion and fibrosis after therapy [93]. This effect was most 
pronounced in those patients receiving higher dose combination 
pegylated interferon and ribavirin and in those who achieved a 
sustained virologic response but was seen in other groups as well. 
Cirrhosis was reversed in 49% of patients with baseline cirrhosis. 
Improvement in liver histology in patients who do not achieve a 
sustained virologic response to therapy provides the rationale for 
maintenance therapy with pegylated interferon in this group of 
patients. This application of interferon is currently the focus of 
several multicenter studies. This figure illustrates changes in 
fibrosis with 10 different treatment regimens. [Adapted from 
Poynard etal [93]). 



SPECIAL POPULATIONS 




Figure 5 - 43 . 



Patients with normal ALT: response to interferon and ribavirin. 

Patients with chronic hepatitis C infection and a persistently normal 
ALT tend to have milder disease and slower progression [94]. However, 
there are significant exceptions to this; one study found that up to 
20% of these patients may have advanced fibrosis [95]. There are 
limited data on treatment efficacy in these patients but studies using 
standard interferon (IFN) and ribavirin (RBV) suggest an efficacy 
similar to that of patients with an elevated ALT [96-100]. De novo ALT 
elevations may occur while on interferon therapy, but these elevations 
are generally mild and reversible. Trials with pegylated interferon and 
ribavirin in this group of patients are currently underway. This figure 
illustrates SVR rates with standard interferon and ribavirin therapy in 
patients with a normal ALT. 
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Figure 5-44^ 



Patients coinfected with HIV and hepatitis C virus (HCV). It is esti- 
mated that 30% to 40% of HIV-positive patients in the United 
States are co-infected with hepatitis C (HCV) [101]. Patients co- 
infected with HIV and HCV have accelerated progression of liver 
disease when compared with those with hepatitis C infection 
alone. Co-morbid liver disease is a growing problem in HIV-posi- 
tive patients as highly active antiretroviral therapy has led to longer 
life expectancies in these patients. Indeed, a recent study found 
that 50% of mortality in HIV patients can be attributed to end- 
stage liver disease [102]. Moreover, mortality from HCV-induced 
liver disease may occur in the absence of HfV viremia and with 
CD4 lymphocyte counts above 200/mm^. {Adapted from 
Benhamou et a/. [60]). 




Figure 5-45* 



Treatment of patients coinfected with HIV and hepatitis C virus 
(HCV). All HIV-positive patients should be screened for HCV coin- 
fection. Combination therapy with pegylated interferon (PEG IFN) 
and ribavirin (RBV) should be strongly considered in those who 
test positive because of the greater potential for liver-related 
mortality in these patients. In some patients, the enhanced hepato- 
toxicity of HIV protease inhibitors, eg, ritonavir, in HCV-infected 
patients may mandate treatment of HCV infection to facilitate anti- 
retroviral therapy. Although trials are still in progress to establish 
the efficacy of combination PEG IFN and RBV in coinfected 
patients, SVR rates may be lower than in HCV monoinfected 
patients [103-107]. This figure illustrates SVR rates from studies in 
coinfected patients. SVR — sustained virologic response. 
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Figure 5-46. 



Patients with acute hepatitis C virus (HCV) infection: response to interferon monotherapy. 
Acute HCV is seldom seen in clinical practice because most patients are asymptomatic. 
However, because many of these patients eventually develop chronic infection, there is 
much interest in the treatment of acute hepatitis C infection. Current data are very limited 
but suggest significant reductions in the proportion of patients who go on to develop 
chronic hepatitis C infection. The best reported results are those of laeckel et al [108] who 
treated 44 patients with interferon monotherapy for 6 months and prevented chronic 
infection in 98% of patients. Further studies are needed with pegylated interferon and 
ribavirin combination therapy to establish when and how to treat these patients [108]. 
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Figure 5-47* 
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Patients with hepatitis C vims (HCV) who relapsed or did not 
respond to previous therapy. There are a significant number of 
patients who did not respond or relapsed to prior regimens of stan- 
dard interferon (IFN) monotherapy or combination IFN and 
ribavirin (RBV) therapy Studies with a variety of dosing regimens 
have been done to evaluate the efficacy of retreatment with (PEG 
IFN) and RBV in these patients. Higher sustained virologic response 
(SVR) rates are achieved in patients with nonresponse to interferon 
monotherapy or relapse after combination therapy than in nonre- 
sponders to combination therapy who have only about a 10% SVR 
[109-114]. Currently there is no evidence that retreating patients who 
are nonresponders to PEG IFN and RBV combination therapy for a 
longer duration can produce SVR. However, there is interest in the 
potential for long-term maintenance therapy with PEG IFN to retard 
the progression of hepatic fibrosis. This is currently the subject of 
three multicenter prospective studies. 




Figure 5-48. 



Patients with end stage renal disease and 
hepatitis C. Hepatitis C is common in 
patients with end stage renal disease and this 
is attributed to blood transfusions and noso- 
comial transmission between patients within 
dialysis units. Ribavirin is usually avoided in 
these patients because it may severely exacer- 
bate the anemia. The figure illustrates results 
of interferon monotherapy studies in patients 
with end stage renal disease [115-122] and 
in a meta-analysis [123]. Interferon has a 
longer plasma half-life and higher peak 
plasma concentrations in dialysis patients, 
but the literature also suggests increased toxi- 
city [119]. Studies with pegylated interferon 
in this population are being conducted. 




Figure 5-49. 



Patients with recurrent hepatitis C after liver transplantation. 
Hepatitis C recurrence after liver transplantation is nearly 
universal. Small studies of standard interferon monotherapy and 
combination standard interferon and ribavirin therapy have shown 
sustained virologic response rates in this group of patients, 
although there is significant intolerance to the medications. 

Further studies are needed in this area to define the role of pegy- 
lated interferons, prophylactic therapy, and maintenance therapy in 
these patients [124-127]. This figure illustrates the results of 
combination standard interferon and ribavirin therapy in patients 
with recurrent HGV infection after liver transplantation. 
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Figure 5-50* 
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Children with hepatitis C. Children acquire hepatitis C virus (HCV) via blood transfusion, 
vertical transmission, and, in underdeveloped countries, through nonsterilized injections. 
The risk of vertical transmission of HCV is about 5%, although it increases with HfV coin- 
fection and high levels of maternal viremia. Breast-feeding and the mode of delivery do 
not appear to affect the frequency of vertical transmission. Compared with adults, children 
with chronic hepatitis C tend to have lower alanine aminotransferase and HCV RNA levels 
and a milder course of disease. However, some children have a more aggressive clinical 
course. Small studies have shown higher sustained virologic response (SVR) rates in chil- 
dren undergoing interferon monotherapy than in adults. This figure illustrates the results 
of a published analysis of reported interferon monotherapy studies in children [128]. 
Further studies are needed to determine the natural history of chronic hepatitis C in 
children and treatment outcomes. 
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Figure 5-51. 



Emerging therapies for hepatitis C. Considerable research to develop 
new therapies for the treatment of hepatitis C is currently underway. 
Interferon and ribavirin are nonspecific in their action. New thera- 
pies are being developed that target specific portions of the genome, 
such as the highly conserved region at the 5' terminal end of the 
viral RNA genome, or proteins such as the helicase, protease, and 
polymerase. Other research is focused on drugs similar to ribavirin 
that may cause less hemolysis, and on antifibrotic therapies 
including alfa and gamma interferons and the use of long-term 
maintenance therapy with pegylated interferon [129-133]. 
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Drugs and the Liver 



Strategically located between the splanchnic and systemic 
circulations and equipped with a vast array of enzymes, the 
liver functions as a major organ of drug metabolism. Drugs 
presented to the liver may follow one of several possible fates. 
First, an inactive agent or prodrug may be metabolized to its 
pharmacologically active form. Second, an already active drug 
may be rendered into inactive metabolites and eliminated 
from the body. Third, the biotransformation of a pharmaco- 
logic agent may lead to the formation of products that cause 
damage to the liver or other organs. Finally, drug metabolism 
may lead to carcinogenesis. 

The liver is well -protected against drug toxicity by metabolic 
detoxification, but is more exposed to toxic xenobiotics for a 
number of reasons. First, a large fraction of orally ingested 
daigs and herbs that are absorbed enter the portal circulation, 
so that the liver is exposed to virtually all absorbed xenobi- 
otics. In addition, because the liver receives 25% of cardiac 
output, a large fraction of parenterally administered drugs 
passes through the liver before there is an opportunity to be 
metabolized in other organs. Second, the liver is not only rich 
in pathways that detoxify drugs, but also in enzymes that can 
metaboiically activate xenobiotics to toxic metabolites. Finally, 
the anatomy of the hepatic microcirculation increases hepato- 
cyte exposure to drugs. The sinusoidal endothelial cells are 
fenestrated, so that both free and protein bound drug enter the 
space of Disse. Free drug can be taken up by hepatocytes; 
protein-bound drug then re-equilibrates with the free fraction 
in the space of Disse, so that hepatocytes can take up a fraction 
of drug that exceeds the incoming free fraction in one pass 
through the liver. Because leukocytes are larger than sinusoids, 
leukocytes force plasma into the space of Disse as the leuko- 
cytes move into the sinusoids and pull plasma back out as they 
pass through. This maintains active flow of fluid through the 
space of Disse. Taken together, these mechanisms increase 
hepatocyte exposure to xenobiotics. 
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This chapter focuses on the effect of liver disease on the 
elimination of drugs and the possible mechanisms by which 
drugs may cause hepatocellular damage. The chapter is not 
meant to be an exhaustive review, rather, specific drugs will 
be used to illustrate and stress key points. With the present 
tendency to use multiple drugs in the management of 
patients, drug-drug interactions are also discussed. In addi- 
tion, because of the rising trend among patients to try alter- 



nate or nonconventional methods of treatment, hepatotoxi- 
city associated with the use of herbal remedies is discussed at 
some length, with emphasis on possible pathogenesis. 

A better understanding of the key role of the liver in dmg metab- 
olism should lead to a more rational dmg prescribing practice, 
especially in patients with liver disease, and a keener insight 
into the pathogenesis of hepatic injury may aid in devising 
strategies to prevent, minimize, and manage dmg hepatotoxicity. 



I CENTRAL ROLE OF THE LIVER IN DRUG METABOLISM 




Figure 6-1 ♦ 



Central role of liver in drug metabolism. The liver plays a vital role in drug metabolism by 
virtue of its location between the splanchnic and the systemic circulations, and because it 
possesses a vast array of enzymes that are capable of transforming drugs into pharmaco- 
logically active compounds or degrading them for subsequent elimination. 
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Entry of dmgs into the hepatocyte. Most drugs are fat soluble or lipo- 
philic to a variable extent. Fat solubility is important because in order 
to reach the systemic circulation, an orally administered drug must 
generally diffuse across the lipid membrane of the enterocyte. A dmg 
with little or no lipophilic property is poorly absorbed and is exaeted 
in the stool. In contrast, a dmg that is absorbed is then bound to 
protein, usually albumin, and distributes itself to various tissues, 
including fat. Unless rendered more polar or water soluble, such dmgs 
tend to accumulate in the body over a prolonged period and may 
affect cellular processes. Whether given orally or parenterally, dmgs 
eventually pass through the liver. The degree of hepatic dmg extrac- 
tion depends on hepatic blood flow and the activity of the dmg- 
metabolizing enzymes. In the hepatic sinusoids the dmgs [open circles) 
bound to protein [open squares) pass through openings (fenestrae) in 
the endothelium and gain access to the space of Disse, from which 
they enter the hepatocytes, where enzymes convert them into more 
polar compounds [solid circles). Some of these water-soluble mole- 
cules pass back to the sinusoids, whereas others enter the biliary 
canaliculi. [Adapted from Wddkins [1].) 
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Principal reactions in drug metabolism. The chemical reactions involved in the biotrans- 
formation of drugs fall into three principal pathways generally referred to as phase I, 
phase II, and phase III metabolism. Phase I reactions consist of oxidative and reductive 
processes that create functional chemical groups (eg, OH, COOH, NH 2 , SH 2 ) as well as 



hydrolytic reactions that cleave esters and 
amides to uncover functional groups. In 
phase II, products of oxidation, reduction, 
and hydrolysis are coupled with endoge- 
nous substrates such as glucuronic acid, 
sulfuric acid, and glutathione. These 
processes that render lipophilic 
compounds progressively more polar may 
occur sequentially or concomitantly. The 
more polar metabolites are subsequently 
excreted in bile if the molecules are rela- 
tively large (> 0.4 nm) or in urine if rela- 
tively small (< 0.2 nm). Phase III reactions 
are the reactions that actively transport 
drugs from the cell. In the hepatocyte, 
phase III reactions are performed by trans- 
porters on the canalicular membrane, such 
as MDR2. 



Electron flow pathw ay in the mic rosomal drug-oxi dizing sy stgm 




Electron flow pathway in the microsomal drug-oxidizing system. Phase I reactions are 
catalyzed by a family of closely related hemoproteins designated as cytochromes P450. 
The reactions require the presence of NADPH (nicotinamide adenine dinucleotide 



phosphate [reduced form]) and O 2 . As 
shown in the schematic, NADPH 
is oxidized by the flavoprotein NADPH- 
cytochrome P450 reductase to form NADP+ 
(nicotinamide adenine dinucleotide phos- 
phate [oxidized form]). In the process, an 
electron is transferred to the oxidized form 
of cytochrome P450 to produce a P450 
drug complex. This complex undergoes a 
one-electron reduction. Molecular oxygen 
then binds to give a reduced (Fe^'*") 
qTochrome P450-dioxygen complex. 
Subsequently, a second electron from 
cytochrome P450 reductase or from 
NADH, through cytochrome b 5 , is added to 
the complex. There is subsequent cleavage 
of the oxygen-oxygen bond along with the 
incorporation of an oxygen atom into a 
molecule of water, the transfer of the 
second atom to the substrate, and finally 
the dissociation of the oxidized product. 
(Adapted from Alvares and Pratt [2].) 
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Orphan nuclear receptors are proteins with a DNA-binding domain DNA, a ligand-binding 
domain, or both. These receptors were often discovered before the ligand was uncovered and 
the receptor was waiting to be adopted by a ligand, leading to the designation "orphan." There 
are three orphan nuclear receptors identified to date that have been found to be important for 
dmg metabolism. These are SXR, the steroid xenobiotic receptor that is called PXR or pregnane 



X receptor in the mouse; CAR, the constitutive 
androstane receptor; and FXR, the famesoid X 
receptor. This figure demonstrates that a 
number of dmgs as well as bile acids are 
ligands for SXR. In turn, SXR can activate or 
inhibit transcription of a large number of 
genes involved in dmg metabolism. SXR is 
involved in activation of CYP3A4 and CYP2B, 
which metabolize over 60% of pharmaceu- 
tical dmgs, the phase II enzymes sulfotrans- 
ferase, and UDGPT, and the phase III 
enzymes on the canalicular membrane, 

MDRl (gene for p-glycoprotein) and MRP2 
(multidmg resistance-associated protein 2). 
Also notable is that there is significant overlap 
in the genes controlled by these orphan 
nuclear receptors: CYP3A4 and MRP2 are 
transcriptionally regulated by all three orphan 
nuclear receptors listed here, whereas CYP2B 
is regulated by both SXR and CAR. 

Prior to the recognition of the role played 
by orphan nuclear receptors, it was unclear 
why certain dmgs could activate or inhibit a 
variety of P450 receptors. It is now clear that a 
given orphan nuclear receptor may have a 
DNA-binding domain that binds to a variety 
of genes involved in dmg metabolism, 
thereby explaining how a given dmg could 
alter the activity of more than one enzyme. 
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The orphan nuclear receptors involved in dmg metabolism have 
two domains: a ligand-binding domain that binds the dmg, and a 
DNA-binding domain that leads to activation or inhibition of 
DNA transcription. The ligand-binding pocket of SXR is large and 
spherical, which explains why a wide variety of ligands can bind to 
it. Because the DNA-binding domain can bind many genes, one 
dmg may activate or inhibit expression of multiple genes. 
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Table 6-1* 



TABLE 6-1 . SOME DRUGS THAT APPEAR TO BE SUBSTRATES FOR 
SPECIFIC CYTOCHROMES P450 



IA2 


net 


IIIA 


Phenacetin* 


Mephenytoin 


Erythromycin 


Caffeine 


Hexobarbital 


Triacetyloleandomydn 


Theophylline 


Diazepam 


Nifedipine 


Acetaminophen 


Tolbutamide 


Cyclosporine 


not 


Suffinpyrazole 


Steroids 


Phenylbutazole 


Ketoconazole 


Debrisoquin 


Sulfaphenazole 


Estrogens 


Bufuralol 


Oxyphenazole 


Midazolam 


Dextromethorphan 


Triazolam 


Metoprolol and other p blockers 


II El 


Lidocaine 


Perhexiline 


Acetaminophen 


Amitriptyline and other neuroleptics 


Ethanol 




Encainide 


Isoniazid 





Codeine 



*This dms has been withdra'/^ from the market in the United States. 

^Multiple subfamily members exist that may have differins catafytic properties. 



Toxicity of glucuronidatgd nonsteroidal anti-inflammatory 




Figure 6-7. 



As shown in the diagram, the glucuronosyltransferase isozyme, UGT2B7, has been impli- 
cated in glucuronidation of NSAIDs in humans. A large number of drugs that have been 
taken off the market due to liver toxicity have been carboxylic acids that form acyl 



Individual P450s and other drug 
substrates. {Adapted from Wdiikins [1].) 



drugs 

glucuronides. Currently used NSAIDs that 
are carboxylic acids and that may cause liver 
toxicity include diclofenac, indomethacin, 
naproxen, and sulindac. Acyl migration is a 
reaction whereby the acyl group migrates to 
another portion of the molecule, creating a 
more nucleophilic metabolite that can form 
adducts with proteins. Acyl glucuronides are 
easily hydrolyzed in vivo, leading to 
systemic cycling of the metabolite with 
reduced renal clearance and prolonged 
exposure. {Adapted from Boelsterli [3].) 
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Genetic polymorphism 



TABLE 6-2. GENETIC POLyMORPHISM OF CYTOCHROME P450 AND ACETYLATION 



Enzyme 


P450IID6 


P450IIC 


N-Acetyltransferase (NAT) 


Designation 


Debrisoquine/sparteine 

polymorphism 


Mephenytoin polymorphism 


Acetylation (INH) polymorphism 




Antidepressants 


Mephobarbital 


Hydralazine 


(Other dmgs involved) 


Antiantiythmics 


Hexobarbital 


Phenelzine 




p blockers 


Omeprazole 


Procainamide 




Codeine, neuroleptics 




Dapsone 

Sulfamethazine 


Poor metabolism (incidence) 






Sulfapyride 


Japanese 


5%-10% 


18%-23% 


40%-70% 


Chinese 


0%-2% 


15%-20% 


10%-20% 


Whites 


5%-10% 


2%-5% 





Table 6-2. 



Genetic polymorphism of cytochrome P450 and acetylation [4,5]. 
Genetic deficiency of a dmg-metabolizing enzyme leads to the division 
of individuals into poor or efficient metabolizers. Such a polymor- 
phism in P450 activity was first noted with debrisoquine, an antihyper- 
tensive dmg. In the white population, 5% to 10% of individuals fail to 
hydroxylate this dmg efficiently and are at greater risk from its accumu- 
lation and its more profound hypotensive effect. The difficulty has been 
traced to the absence of an amino acid of P450IID protein that results 
in defective RNA splicing. The defea that involves not only the metabo- 
lism of debrisoquine but also of sparteine and other dmgs as shown 
here is inherited as a recessive gene in poor metabolizers but as a 
homozygous or heterozygous dominant gene in efficient metabolizers. 
In addition to being at risk from hypotension, individuals who are 
debrisoquine-poor metabolizers may develop Parkinson s disease early, 
whereas rapid metabolizers may be more likely to develop cancer of 
the lung and bladder [6]. Those with two or more functional P450IID6 
alleles are at greater risk of developing primary liver cancer [7]. 



Other forms of polymorphism involve P450IIG (mepheny- 
toin). Defective metabolism of mephenytoin results in increased 
sedation. Present as an autosomal recessive trait, this defect 
affects the hydroxylation of S-mephenytoin but not the methyla- 
tion of R-mephenytoin. 

Polymorphism also affects dmg degradation by conjugation. The 
classic example is the difference in the acetylation of isoniazid. 
Isoniazid acetylation is controlled by two alleles at a single auto- 
somal gene locus. Slow acetylating patients are homozygous for 
a recessive allele. Other dmgs that are similarly affected are shown 
in this table. Peripheral neuropathy is associated with the slow 
acetylation of isoniazid, whereas lupus erythematosus may result 
from the slow acetylation of hydralazine and procain-amide. Patients 
who are slow acetylators are also at greater risk for cancer of the 
urinary bladder, whereas fast acetyltion may be associated with 
breast cancer. {Adapted from Meyer [4].) 
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Consequences of drug biotransformation and modifying factors 




Figure 6-8* 



Consequences of drug biotransformation. The hepatic metabolism of a pharmacologic 
compound may have four possible outcomes. 

1. Drugs that are administered in their inactive forms are subsequently transformed 
into active compounds by the liver. Examples of such prodrugs include cortisone 
that is transformed into its active moiety cortisol, prednisone to prednisolone, and 
azathioprine to 6-mercaptopurine. 

2. Other pharmacologic preparations, already active in their original forms, are 
degraded in the liver into active or inactive metabolites. For example, the benzodi- 
azepine chlordiazepoxide (Librium®; Hofifmann-LaRoche, Nutley, NJ) is oxidized into 
desmethylchlordiazepoxide, demoxepam, and oxazepam. These metabolites are 
themselves pharmacologically active. Oxazepam, a commercially available 
compound (Serax®; Wyeth-Ayerst Laboratories, Philadelphia, PA), is then conjugated 
with glucuronic acid to form an inactive ether glucuronide that is excreted in the 
urine. Like oxazepam, lorazepam (Ativan®; Wyeth-Ayerst Laboratories) does not 
undergo a preliminary oxidation but is directly inactivated by glucuronidation to 
another ether glucuronide (Fig. 6-13). 

3. Another important outcome of drug biotransformation is the generation of toxic 
metabolites as exemplified by hepatotoxicity caused by acetaminophen or isoniazid. 
Drug-induced liver injury is the main focus of discussion in Figures 6-21 to 6-32. 

4. Oxidation of nitrosamines by cytochrome P450 plays an important role in carcinogen- 
esis. Evidence suggests that P450IIE1, the enzyme that is involved in the metabolism 
of ethanol, is the most important enzyme in the activation of nitrosamines in human 
liver microsomes [8]. As mentioned earlier, conjugation reactions may also generate 
carcinogens (Fig. 6-8). 

Because the liver plays a vital role in drug elimination, the first two outcomes are 
relevant in appreciating the potential risks involved, and precautions are needed in 
prescribing drugs to patients with significant liver disease of various causes. If possible, an 
alternate and safer drug should be chosen; if the same drug 

is used, its dose and dosing interval should be adjusted. On the other hand, the last two 
outcomes are important in understanding drug-induced liver injury, as well as in 
providing a basis for possible carcinogenesis. 

These outcomes of drug biotransformation, however, may be modified by several factors. 
These factors include genetic characteristics, age, gender, environmental condition, diet, 
and nutritional state. Another important factor is the concomitant use of another drug. 



Drug-drug intgractions 





Drug - drug interactions 


> 

u 

cc 


Inducers 

^ Ethanol (chronic) 

Barbiturates 
Oral contraceptives 
Cigarette smoke 
Marijuana smoke 
Phenytoin 
Rifampin 
Isoniazid 


o 

m 

Cl 


Ethanol (acute) 

Cimetidine 

Ketoconazole 

Allopurinol 

Amiodarone 

Isoniazid 

- Inhibitors 



Figure 6-9. 



Drug-drug interactions. Administration of one drug may influence the metabolism and 
elimination of another, depending on whether the drug-metabolizing enzyme system is 
induced or inhibited. This flgure gives a list of certain drugs that enhance or depress the 
activity of P450 isozymes. The sequence in which the drugs are listed does not necessarily 
imply the order of their strength either as inducers or inhibitors. 
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§ INTESTINAL FIRST-PASS CLEARANCE 




Figure 6 - 10 . 



As shown in figure 6-5, both CYP3A4 and the gene that encodes 
for p-glycoprotein, MDRl, are under control of the orphan nuclear 
receptor PXR. Both CYP3A4 and p-glycoprotein are abundant in 
the wall of the small intestine. CYP3A4 in the intestine can metab- 
olize substrates that are absorbed, prior to entry of the drug into 

LiYer disease and drus disposition 



the portal vein. P-glycoprotein (PGP) can efflux substrates that are 
absorbed back into the intestinal lumen. Benet et al [9] described 
the interaction of these two enzymes as the "drug metabolism- 
efflux alliance." The concept is that parent compound that diffuses 
into the intestine can be metabolized by CYP3A4, with uptake of 
the metabolite into the portal vein, and that unmetabolized parent 
compound may then be effluxed back into the lumen by p-glyco- 
protein. The unmetabolized drug can then diffuse back into the 
wall of small intestine and be subjected to a second round of 
metabolism. Repeated cycles of this process will greatly increase 
metabolism of substrates of CYP3A4, increasing intestinal first-pass 
clearance. Xenobiotics such as St. John's wort that stimulate SXR 
and activate CYP3A4 and p-glycoprotein in the intestine will 
increase first-pass clearance and reduce hepatic and systemic expo- 
sure to the drug. Conversely, inhibition of intestinal CYP3A4 and 
p-glycoprotein, eg, by grapefruit juice, will increase uptake of 
unmetabolized parent compound with increased hepatic and 
systemic exposure. In the past the extensive first-pass metabolism 
of cyclosporine was attributed to hepatic metabolism, but it has 
now been shown to be largely metabolized in the intestine [10]. 




Oxazepam Desmethyidiazepam Diazepam 




Lorazepam 



Figure 6 - 11 . 



Principal metabolic pathways of some 
commonly used benzodiazepines. Because 
the liver plays an essential role in the metab- 
olism of dmgs, it is not surprising that in the 
presence of significant liver disease, dmg 
elimination is impaired [5]. This impairment 
is illustrated using some of the commonly 
used benzodiazapines. Often used as seda- 
tives or tranquilizers, benzodiazepines 
undergo Phase 1 and Phase II hepatic 
biotransformation as shown. 
Chlordiazepoxide (Librium; Hoffmann- 
LaRoche, Nutley, NJ) is demethylated to 
desmethylchlordiazepoxide, which is in turn 
hydroxylated to demoxepam. Demoxepam 
is converted to desmethyidiazepam, which is 
also the principal oxidative metabolite of 
diazepam (Valium; Roche Products, 

Manati, Puerto Rico). Desmethyl diazepam 
is hydroxylated to form oxazepam (Serax; 
Wyeth-Ayerst Laboratories, Phila-delphia, 
PA). These compounds are pharmacologi- 
cally active. Oxazepam and lorazepam 
(Ativan; Wyeth-Ayerst Labor-atories) 
undergo conjugation with glucuronic acid to 
form inactive ether glucuronides that are 
excreted in the urine. {Adapted from 
Hoyumpa and Schenker [5].) 
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A hepatitis B 



Effect of liver disease on the elimination of chlordiazepoxide. The 
clearance of chlordiazepoxide is reduced in patients with acute viral 
hepatitis (A) and in patients with cirrhosis (B). In patients with liver 
disease, the corresponding elimination half-life of chlordiazepoxide 
is prolonged. Impairment of chlordiazepoxide clearance in patients 
with liver disease may account for the precipitation of hepatic 
encephalopathy when this drug is given repeatedly to patients 
with liver disease. [Adapted from Roberts et al [11].) 



Diazepam clearance 




Figure 6 - 1 3 « 



Effect of cirrhosis on the plasma clearance of diazepam. As in the case of chlordiazepoxide 
(Librium; Hofifmann-LaRoche, Nutley, NJ), the biotransformation of diazepam (Valium; 
Hoffmann-LaRoche), another benzodiazepine that undergoes hepatic degradation by 
oxidation, is also impaired in patients with liver disease [12-15]. The plasma clearance of 
diazepam is greatly reduced (50%) in patients with stable alcoholic cirrhosis as compared 
with age-matched controls. Although not shown here, the elimination of diazepam is also 
impaired in patients with acute viral hepatitis. In patients with this disorder, the elimina- 
tion half-life is prolonged more than twofold [11,12,16]. [Adapted from Klotz et al [1].) 



Oxazepam metabolism 





A hepatitis B 



Figure 6 - 14 . 



Effect of liver disease on oxazepam metabolism. In contrast, the 
biotransformation of oxazepam (Serax; Wyeth-Ayerst Laboratories, 
Philadelphia, PA) is not adversely affected in patients with liver 
disease [17]. The apparent clearance of orally administered 
oxazepam does not differ significantly between age-matched 
controls and patients with acute viral hepatitis (A) and between 
age-matched controls and patients with stable alcoholic cirrhosis 
(B). Lorazepam, like oxazepam, undergoes conjugation with 
glucuronic acid to form an ether glucuronide. Lorazepam clearance 
is likewise not affected in patients with compensated alcoholic 
cirrhosis or in patients with acute viral hepatitis [18]. These studies 
with benzodiazepines, as well as with other classes of drugs not 
illustrated here, suggest that in patients with liver disease, the 
oxidation of drugs is generally impaired, whereas glucuronidation 
is relatively spared [5]. This relative preservation of glucuronida- 
tion, however, may be lost when the liver disease is severe [see Fig. 
6-15). [Adapted from Shull etal [17].) 
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Drug metabolism in severe liver disease 




Figure 6 - 15 * 



Plasma concentration versus time curves of oxazepam in controls and patients with severe 
liver disease. Unlike the observations in Figure 6-18, elimination of oxazepam is signifi- 
cantly reduced in the patient whose severely decompensated alcoholic liver disease is associ- 
ated with portal systemic encephalopathy Similar impairment of glucuronidation in 
patients with severe alcoholic liver disease has been shown with morphine as well as 
with acetaminophen and zomepirac. {Adapted from Sonne etal [19].] 



TABLE 6-3, FACTORS LEADING TO DECREASED 
DRUG METABOLISM IN AGING 



Decreased liver blood flovv^ 
Decreased liver mass 
Pseudo-capi I Jarization 
Decline in hepatic oxygenation? 



Table 6 - 3 * 



Factors leading to decreased dmg metabolism in aging. There is 
large interindividual variation in the effert of aging on dmg metabo- 
lism. However, overall there is approximately a 30% decrease in liver 
blood flow and liver mass. Deaease in liver blood flow will be of 
importance for high clearance dmgs such as lidocaine and propra- 
nolol, which are flow dependent, whereas the decline in mass will 
reduce dmgs with low intrinsic clearance, such as diazepam. 

A recent discovery is the loss of fenestration in sinusoidal 
endothelial cells, so-called pseudo-capillarization, that has been 
described in the elderly [20]. In experimental animals, pseudocap- 
illarization has been linked to hepatocyte hypoxia with decreased 
ATP levels [21]. Decline in hepatocyte oxygenation may lead to 
impairment of oxidative dmg metabolism [22]. 




Primary factors 




Figure 6 - 16 * 



Primary mechanisms of impaired drug metabolism. In patients with acute or chronic 
liver disease, the activities of the dmg-metabolizing enzymes may be reduced in a variable 
and sometimes selective manner. Several factors may bring about this reduction and conse- 
quent impairment of dmg metabolism. These factors can be divided into primary and 
secondary. Of the primary factors, the first important consideration involves reduced 
parenchymal cell mass and function. The individual hepatocytes may possess a dimin- 
ished complement of enzymes (sick-cell hypothesis). Alternatively, the hepatocytes, 
although intact, may be functionally impaired because of poor perfusion (intact hepatocyte 
hypothesis). Second, dmg delivery to the hepatocytes may be reduced as a result of several 
possibilities. Blood flow to the intact hepatoc)Tes may be decreased because of the forma- 
tion of collaterals and attendant extrahepatic portacaval shunting. Apart from the obvious 
extrahepatic shunts, less noticeable intrahepatic shunts, which divert blood from otherwise 
intact hepatocytes, have also been observed. These intrahepatic shunts have been associated 
with reduced intrinsic dmg clearance. Furthermore, in patients with chronic liver disease, 
reduced sinusoidal blood flow may curtail delivery of dmgs to the hepatocytes (Fig. 6-2). 

Moreover, in cirrhosis, sinusoidal capillarization with distortion, diminution, or obliter- 
ation of the sinusoidal fenestrae may occur to further impede the diffusion of dmgs from 
the sinusoids to the hepatocytes. Highly protein-bound dmgs and those of relatively large 
molecules are particularly affected. Capillarization may also impair oxygen delivery, and 
the resulting hypoxia depresses drug metabolism. The oxidative system appears more 
vulnerable to hypoxia than the conjugative enzymes. The third important factor is the 
reduction of bile flow, either from intrahepatic inflammation or extrahepatic obstmction. 
This mechanism applies to those dmgs that are primarily excreted in bile without under- 
going biochemical dianges. Examples of such dmgs are nafcillin, piperacillin, mezlocillin, 
apalcillin, cefoperazone, ceftriaxone, and cefpiramide. 
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Secondary factors 



Figure 6 - 17 * 



Secondary mechanisms of impaired drug 
metabolism in liver disease 




Secondary mechanisms of impaired drug reactions. Apart from primary factors, associ- 
ated findings in liver disease may also affect drug metabolism secondarily. Foremost is 
reduced drug binding to protein due to the hypoproteinemia that 
is common in patients with cirrhosis. The important plasma proteins involved in drug 
binding are albumin, a ^ -acid glycoprotein, and lipoprotein. Albumin binds acidic 
and neutral drugs whereas a ^ -acid glycoprotein and lipoprotein bind mainly basic 
drugs. In cirrhosis, drug binding to plasma protein is often significantly reduced; this 
defect is particularly relevant to highly bound drugs (> 80%). Thus, in patients with 
cirrhosis, total plasma clearance of naproxen, a highly protein-bound, nonsteroidal 
anti-inflammatory agent, was unchanged, but the clearance of its unbound fraction was 
only 40% of normal. 

A second factor is the presence of associated renal impairment in cirrhotic patients, in 
whom serum creatinine is not a reliable measurement of renal functional state. Indeed, in a 
prospective study, 57% of patients with cirrhosis and ascites already had renal insufficiency 
(creatinine clearance of 32 mL/min or less) despite normal semm creatinine levels. Moreover, 
sodium handling may be impaired before ascites becomes clinically apparent. In addition, 
subtle glomerular changes may be observed using electron microscopy and immuno- 
fluorescence microscopy in up to 95% of cirrhotic patients with no overt evidence of 
biochemical renal impairment. In cirrhotic patients with renal dysfunction, impaired 
elimination of such drugs as morphine, cimetidine, and ciramadol has been noted [23]. 

Finally, undernourishment may have a significant effect on low-clearance drugs. 
Protein-calorie malnutrition or a low daily intake of protein can decrease clearance of 
drugs that undergo oxidative metabolism by 20% to 40%. 



I DRUG-INDUCED LIVER INJURY 

Clinicopathological types 



Drug-induced liver disease 
(clinicopathologic types) 




Figure 6 - 18 . 



One of the outcomes of dmg metabolism is the induction of liver injury. This topic has been 
the subject of more extensive reviews [24-27]. The present discussion is more selective. 
The disorder can manifest in one of several ways as shown in the figure. Dmg-induced liver 
disease may be predominantly hepatocellular in which necrosis of the hepatocytes is 
present. The necrosis may be diffuse, spotty, or centrilobular. Clinically, the disorder mimics 
viral hepatitis, but can also result in fulminant hepatic failure (acute liver failure). Agents 
such as halothane, acetaminophen, a-methyldopa, and isoniazid cause hepatocellular 
damage and can also result in fulminant hepatic failure. On the other hand, a cholestatic 
disorder is produced by chlorpromazine, erythromycin, estrogen, and other C-17 alkyls- 
teroids. The underlying mechanism is reviewed in Figures 6-28 through 6-31. A mixed 
hepatocellular and cholestatic liver disease may result from sulindac, P-amino salicylic 
acid, and phenytoin toxicity. The formation of granulomas has been associated with allop- 
urinol and quinidine. Vascular abnormalities may be associated with certain drugs. 

Peliosis hepatitis may be produced by oral contraceptives, androgenic and anabolic 
steroids, tamoxifen, and danazol. Thrombosis of hepatic veins and other vessels, 
adenomas (which tend to bleed), and rarely, hepatocellular carcinoma may also compli- 
cate oral contraceptive use. Finally, drug-induced liver disease may manifest as steatosis. 
Tetracycline, sodium valproate, salicylate, perhexiline, and fialuridine produce microvesic- 
ular fat accumulation, while corticosteroids, tamoxifen, and amiodarone are associated 
with macrovesicular steatosis. 

Predisposition to hepatic injury from perhexiline, initially marketed to treat angina but 
now off the market, is due to a genetic inability to oxidize the drug because of lack of 
P45011D6, the same enzyme involved in the metabolism of debrisoquine. This deficiency 
occurs in 5% to 10% of whites. In susceptible individuals, the liver disease becomes clini- 
cally evident after several months or years of treatment. Histologically, the picture is one of 
phospholipidosis. The patient may develop weight loss, peripheral neuropathy, and hypo- 
glycemia. Cirrhosis may occur with a fatal outcome in 50% of cases. 
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Figure 6-19- 



Amiodarone phospholipidosis. A, Black and white photomicrograph (H and E x 160) 
showing foam cells in ri^t upper comer and Mallory bodies (arrows). B, A closer view of area 
with foam cells in the same patient. C, Electron microphotograph (X 22,600) of the same case 
showing multiple dense, laminated inclusions (myelin figures) in the hepatocyte cytoplasm. 

Another cardiac medication that may cause toxicity to the liver and other organs is 
amiodarone, an antiarrhythmia agent. Dose-related hepatotoxicity, with an incidence 
of 15% to 50% [1] may become manifest 1 month to more than 1 year of therapy. The 
clinical picture varies from asymptomatic transaminase elevation to fulminant hepatic 
failure [28]. Severe cholestasis may be present and fatal cirrhosis can ensue. The hepatic 
accumulation of amiodarone can be detected by CT because the drug is iodinated; 
however, the increased density does not correlate with the degree of liver damage [29]. 
Unlike alcoholic hepatitis, in which the damage tends to be centrilobular (zone 111), 
amiodarone hepatotoxicity is mainly periportal [30]. The possible mechanism of the 
steatosis is discussed in Figure 6-33. {Courtesy ofK. Ishak.) 



TABLE 6-4. DRUG-IMDUCED LIVER DISEASE: 
GENERAL CHARACTERISTICS 
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Table 6-4* 



Drug-induced liver disease. The most common form of drug- 
induced liver disease is caused by metabolic idiosyncrasy. This is 
largely due to preclinical screening. Drugs with liver damage seen 
initially in animals and with a narrow therapeutic range, ie, dose- 
dependent toxicity close to the therapeutic range, are less likely to 
be marketed. 

Unpredictable or dose-independent toxicity may be caused by 
metabolic idiosyncrasy or to hypersensitivity. Metabolic idiosyn- 
crasy may be due to metabolic activation with increased formation 
of toxic metabolites, to alternate metabolism by a genetic polymor- 
phism with formation of an unusual metabolite, or due to 
decreased drug detoxification. Hypersensitivity (see below), with 
evidence of an immune response {eg, fever, eosinophilia) may be a 
reaction to the drug or, more likely, its metabolite(s). 

There may also be overlap between predictable and unpre- 
dictable reactions, eg, with acetaminophen. At doses greater than 
10 g, acetaminophen is prone to causing a predictable drug- 
induced hepatitis. As described in Figure 6-22, toxicity at lower 
doses also may occur. 
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I MECHANISMS OF DRUG-INDUCED HEPATOCELLULAR NECROSIS 
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Figure 6 - 20 . 



Pathogenesis of drug-induced liver diseases. Toxicity to hepatocytes 
may be caused by direct damage from a parent compound or a 
toxic metabolite. The toxic metabolite may cause toxicity through 
one of several pathways. The metabolite may form a hapten that 
leads to an immune response. Alternatively, the metabolite may be 
an electrophile that binds covalently to cellular macromolecules or 
that depletes glutathione to levels that cause cell death due to 
endogenous oxidative stress. The metabolite may form a free 
radical that generates reactive oxygen. Although toxicity to hepato- 
cytes may be an essential element, overt liver injury may only 
manifest when hepatocyte toxicity triggers the generation of 
cytokines, chemokines, and inflammatory mediators in response 
to the initial toxic event. Overt liver disease then becomes 
dependent on the balance between the sum of injurious events and 
repair processes. [Adapted from Kaplowitz [31].) 




Figure 6 - 21 . 



Intercellular interactions in liver injury. In drug-induced liver toxi- 
city, manifestation of injury will depend on interactions of the 
various cellular compartments within the liver. As described in 
Figure 6-20, although hepatocyte injury may be a prerequisite, the 
subsequent downstream response may be necessary for overt injury 
to manifest. Hepatocyte toxicity may trigger increased production 
of cytokines, chemokines, and inflammatory mediators from 
nonparenchymal cells, leading to an inflammatory response that 
may act synergistically with the toxin. This is exemplified by aceta- 
minophen toxicity: although acetaminophen is toxic to hepato- 
cytes, liver injury is dependent on the presence of Kupffer cells in 
the liver. The balance between pro- and anti-inflammatory 
cytokines determines the presence of inflammation. 



Mechanisms of acetaminophen toxicity 




Mechanisms of acetaminophen toxicity [32]. The major pathway of 
acetaminophen metabolism is by phase II reaction (95% or more), 
mainly glucuronidation and sulfation, whereas only 5% or less under- 
goes oxidation that results in the formation of a reactive electrophilic 
metabolite, N-acetyl-P-benzoquinoneimine (NAPQI). NAPQI prefer- 
entially binds to glutathione (GSH), and when cytosolic and especially 
mitochondrial GSH concentration falls, NAPQI toxicity ensues. 
Mitochondrial flmaion is impaired. The downstream cascade of 
events which promotes cellular damage appears to involve various 
cytokines and other mediators, including nitric oxide. One approach 



to protection against acetaminophen toxicity has been to couple aceta- 
minophen to a nitric oxide releasing group, which may protect the 
liver from injury while retaining analgesic properties [33]. 

CYP2E1 is the major isoenzyme that catalyzes the formation of 
NAPQI. Inaeased metabolic activation of acetaminophen occurs 
when GYP2E1 is induced, leading to an increase in the proportion of 
acetaminophen that undergoes oxidative degradation.. This may occur 
in chronic heavy alcohol drinkers or individuals who chronically 
ingest dmgs that induce CYP2E1, such as isoniazid. Thus, in such 
patients the concomitant ingestion of acetaminophen, even in ordi- 
nary therapeutic doses (3 to 4 g/d), may result in serious hepatotoxi- 
city. Acute ingestion of alcohol does not induce CYP2E1 sufficiently to 
increase acetaminophen metabolism and acute alcohol may actually 
compete for CYP2E1 and be protective. 

Decreased detoxification of acetaminophen may also lead to toxi- 
city. Prolonged fasting with deaeased glucuronidation leads to 
deaeased detoxification with acetaminophen toxicity in the 4 -10 g 
range of dmg. Depletion of GSH by starvation, alcohol ingestion, or 
other dmgs is an important contributory faaor in acetaminophen 
toxicity. Therapy is aimed at increasing GSH synthesis by providing N- 
acetylcysteine. Acetaminophen-induced liver injury may be respon- 
sible for as much as 35% of all cases of acute liver failure in the US. 
Education of the public in regard to this over the counter dmg, which 
is present in many formulations, is important. 
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Isoniazid metabolism 




Figure 6-23* 



Isoniazid may be metabolized directly to hydrazine or indirectly to 
acetylisoniazid. Both pathways end with isonicotinic acid and 
isonicotinylglycine. 

The proportion of isoniazid metabolized by the direct pathway 
was estimated from the ratio of total isonicotinic acid to acetyliso- 
niazid in the urine following the administration of isoniazid or 
acetylisoniazid. In slow acetylators this proportion was 3% when 



isoniazid alone was given, but rose to 6% when rifampin was also 
given along with isoniazid (P-0.001). This finding suggested 
induction of isoniazid metabolism by rifampin in slow acetylators, 
but in rapid acetylators, this phenomenon was not observed. 
Furthermore, in slow acetylators, hydrazine formation through the 
direct pathway was increased. Thus, in some cases the greater 
formation of hydrazine, which has been shown to be hepatotoxic 
in animals, may account for the increased hepatotoxicity in slow 
acetylator patients treated with both isoniazid and rifampin. Thus 
current data suggest that there are at least 2 mechanismsof isoni- 
azid hepatotoxicity. In rapid acetylators toxicity is related to the 
generation of acetylhydrazine derivative(s) while in slow acetyla- 
tors there may be a greater formation of hydrazine. 

There is no evidence of important inhibition of acetylation of 
isoniazid by acute or chronic liver disease. 

Recently the combined use of pyrazinamide and rifampicin has 
been advocated for latent tuberculosis, as shorter therapy for than 
isoniazid. This apparently has led to a higher frequency of early 
and serious liver injury. This effect may be dose-dependent and 
such therapy may need to be avoided where possible in patients 
with antecedent liver injury. Early and frequent laboratory moni- 
toring may decrease the incidence of severe liver injury by this drug 
[34]. Monitoring of liver tests in patients on isoniazid is particu- 
larly important in individuals at greater risk due to age over 40 
and/or concomitant use of other agents such as rifampicin and any 
antecedent liver disease. {Adapted from Sanm et al [35]. 



Isoniazid hepatitis incidence 
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Figure 6-24. 



Incidence of hepatitis in adults (A) and children (B) on isoniazid 
(INH) alone or in combination with rifampin (RIF) or other agents. 
Data show that the incidence of hepatitis is greater when INH is given 
in combination with other dmgs. The inaease is more remarkable with 
the coadministration of RIF than with the other agents; particularly 
striking is the inaease in children. However, the precise mechanism of 
INH toxicity is not fully elucidated. Toxicity is shown to be related to 
slow acetylation in some studies, but to fast acetylation in others, as 
discussed in Figure 6-25. {Adapted from Steele etal [36].) 
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Possible mechanisms of isoniazid hepatotoxicity 




Figure 6-25. 



Mechanisms of isoniazid hepatotoxicity. Isoniazid, as indicated 
previously, undergoes acetylation to acetylisoniazid with subse- 
quent formation of acetylhydrazine by way of the indirect pathway 
(A). Action by the P450 system converts the acetylhydrazine to a 
potent acylating compound that is capable of producing hepatic 
necrosis. This situation perhaps provides a possible mechanism of 
hepatotoxicity in rapid acetylators. On the other hand, as indicated 
earlier, free hydrazine may be also directly produced from isoniazid 
in the presence of hydrolase (B). Free hydrazine is potentially 
hepatotoxic, as already mentioned. The studies cited previously [37] 
suggest that the accumulation of hydrazine may account for the 
toxicity noted in patients who are slow acetylators. Moreover, 
by inducing this pathway, the concomitant administration of 
rifampin increases the likelihood of isoniazid hepatotoxicity. 
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Figure 6-26. 



Cocaine use and hepatic injury. Cocaine is another potential 
hepatotoxin. The hepatic lesion related to cocaine use is character- 
ized by coagulative perivenular and midzonal neaosis with both 
maaovesicular and microvesicular fatty changes also being 
described. Hyperpyrexia and rhabdomyolysis have also been present 
in reported cases [38,39]. Ischemia may be another mechanism of 
liver injury. 

Cocaine is N-methylated to norcocaine nitroxide by P450. This 
reaction may be induced by chronic ethanol ingestion, as well as 
by phenobarbital use. Hepatic damage may be mediated through 
lipid peroxidation, free radical, or covalent binding. In mice the 
administration of cimetidine 1 hour before and 1 hour after cocaine 
prevented hepatotoxicity [40]. Whether a similar benefit from the 
use of cimetidine, a P450 inhibitor, can be obtained in clinical 
practice remains to be seen. 

Incidentially, chronic ethanol use may enhance the toxicity, not 
only of acetaminophen, isoniazid, and cocaine, but also of aflatoxin, 
carbon tetrachloride, chloroform, vitamin A, and other agents [41]. 
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Halothane hepatitis 




Halothane hepatitis. Figures 6-22 to 6-26 stress hepatic cell injury 
through the generation of electrophile or free radical and subse- 
quent covalent binding and lipid peroxidation. Another mechanism 
of drug hepatotoxicity involves immunoallergic reaction. One 
example of drug hepatitis related to hypersensitivity is that resulting 
from halothane. Exposure to halothane may be associated with two 
forms of liver disease. A mild and reversible form of liver injury may 
be seen in 25% to 30% of patients, and is believed to be due to 
direct toxicity. A more severe and potentially fatal form occurs 
rarely, affecting 1 in 30,000, and is due to immunoallergic reaction. 
More common in women who are middle aged and obese, the 
severe type of halothane hepatitis is usually manifested by a delayed 
onset of fever, rash, arthralgia, and eosinophilia. Serum markers of 
immune disturbance are deteaable. The majority of patients 
develop this hepatitis following an earlier exposure to the anes- 
thetic. Repeated exposure results in more severe liver injury within a 
shorter interval. Additionally, halothane hepatitis may occur in 
individuals [eg, anesthetists, anesthesiologists) exposed repeatedly 
to halothane in the course of their work. These clinical features 
strongly suggest an immunologic or hypersensitivity disorder. Its 
mechanism is still not fully understood [42-46]. 

Halothane liver injury has been observed in several animal 
models in which inducing agents such as phenobarbital, isoniazid, 
or other agents are used under conditions of low oxygen tension. 
The resulting hepatic damage, during reductive metabolism of 
halothane, is reproducible, dose-dependent, and unassociated with 
markers of immune disturbance [44]. As indicated in the left arm of 
the figure, the liver damage is believed to be mediated by the gener- 
ation of free radical and consequent lipid peroxidation. This mecha- 
nism underlies the more common mild form of halothane liver 
injury. It does not reflect what transpires in patients who develop 
the less common but more severe hepatitis. Its possible mechanism 
is discussed below [42-46]. 



Under normal oxygen condition, halothane undergoes oxidative 
metabolism mediated by cytochrome P450, primarily P450 HE ^ 
(CYP2E1), to trifluoroacetylchloride (CF3COCI). This reactive 
metabolite covalently binds to hepatic proteins evidently through 
the e-amino group of lysine residues to yield trifluoroacetylated 
proteins. Two distinct groups of trifluoroacetylated hepatic protein 
antigens have been identified. The first group, deterted by 
immunoblotting, consists of at least seven peripheral membrane 
proteins derived from the lumen of the endoplasmic reticulum. The 
trifluoroacetylated antigens are believed to translocate to the cell 
surface by normal membrane flow. The second group, identified by 
enzyme-linked immunosorbent assay, consists of two integral 
proteins. They are the adduct-modified forms of cytochrome P450 
2E^ and microsomal epoxide hydrolase. Relatively liver specific and 
concentrated in hepatocytes, these two types of polypeptides are 
capable of inciting antibody response. Once formed, these antigens 
persist for many days in the liver. Their persistence may be impor- 
tant in enabling them to interact with the immune system of 
susceptible persons. Cytochrome P450 2E1 not only catalyzes the 
formation of trifluoroacetylated protein antigens, but also serves as 
a cell surface target antigen. The role of the cellular component of 
the immune system and mechanism(s) leading to the formation of 
antibodies against these antigens are still not clear. 

Susceptibility to halothane hepatitis may be affected by the 
activity of cytochrome P450 2E1. The greater the activity, as in obese 
individuals, the greater the generation of trifluoracetylated protein 
antigens, the more likely the hepatitis. Potentiation of halothane 
hepatotoxicity by chronic ethanol exposure has been shown in rats 
[47]. However, the ability to mount an adequate immune response 
to the antigens, and the subcellular trafficking of trifluoroacetylated 
proteins from the origin in the endoplasmic reticulum to the hepa- 
tocyte surface, may be important also. 

The related anesthetic agents, enflurane and isoflurane, may also 
cause hepatitis, but much less frequently. The estimated incidence 
of halothane hepatitis is 1 in 30,000, of enflurane less than 1 in 
80,000, of isoflurane even less. The difference in incidence may be 
related to the degree to which the agent is metabolized by P450. 

The proportion that is metabolized is 20% for halothane, 2% to 4% 
for enflurane, and 0.2% for isoflurane. Cross-sensitivity has been 
observed. To confirm the diagnosis of clinically suspected 
halothane hepatitis antibody-testing service 
is available in a few centers [44]. 

Other examples of immunoallergic forms of liver injury include 
the hepatitis due to tienilic acid and ticrynafen (a diuretic), and that 
due to dihydralazine, an antihypertensive agent. As with halothane, 
these agents are metabolized by P450 and form neoantigens and 
autoimmune targets that lead to liver damage [46,47]. 
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Drug-induced fatty liver 



Table 6-5* 



TABLE 6-5. AGENTS 

PRODUCING 
DRUG-INDUCED 
FATTY LIVER 



Macrovesicular 

Methotrexate 

Allopurinol 

Halothane 

[soniazid 

tt-Methyldopa 

Migrovesicular 

Tetracycline 
Valproic acid 
Ibuprofen 
Pirprofen 
Amineptine 
Tianeptine 
Sal icyc lie acid 
Tamoxifen 



Although many drugs produce hepatocellular neaosis by the mechanisms discussed in Figures 6-25 
to 6-27, other drugs produce fatty change. The fatty change produced by these drugs can be 
grouped, as shown in this table, into macrovesicular or microvesicular forms. In macro- 
vacuolar steatosis, the hepatocyte contains a single large droplet of fat (or empty space in the 
hematoxylin and eosin stains) that pushes the nucleus to the side. In some instances, as in 
those related to ethanol ingestion, the fatty change may start as tiny droplets but eventually 
develop into the macrovacuolar form. The apoprotein moiety of triglyceride, glycoprotein, is 
synthesized by the rough endoplasmic reticulum and is glycosylated there as well as in the 
Golgi apparatus, so that an impairment of protein synthesis, as seen with methotrexate, may 
also lead to steatosis. Adverse effects on the endoplasmic reticulum, Golgi apparatus, and 
plasma membrane by allopurinol, halothane, isoniazid, and a-methyldopa may similarly 
lead to macrovesicular steatosis. In these instances, the steatosis may be associated with hepa- 
titis or other evidence of toxic liver injury. 

In microvesicular steatosis, the fat appears as tiny cytoplasmic droplets that do not displace 
the hepatocyte nucleus. Inhibition of the mitochondrial oxidation of fatty acids appears to be the 
main mechanism responsible for the steatosis of tetracycline, valproic acid, pirprofen, ibuprofen, 
amineptine, and tianeptine. A similar mechanism may also apply to the fatty change produced 
by hypoglycin, 4-pente-noic acid, and salicylic acid. The mechanism for the microvesicular 
steatosis of Reye s syndrome is not completely clear, but mitochondrial dysfunction and impaired 
(3-oxidation of fatty acid have been postulated [48-50]. In this connection, the effect of salicylic 
acid on (3-oxidation of fatty acids may be relevant, insasmuch as Reye s syndrome has been asso- 
ciated with the administration of aspirin (acetylsalicylic acid) [48]. Tetracycline microvesicular 
steatosis appears to result from impaired hepatic secretion of triglycerides as well as from 
abnormal fatty acid oxidation. In addition to causing hepatic steatosis, other dmgs may also 
produce changes that mimic those associated with alcoholic liver disease. 



Phospholipidosis 



TABLE 6-6. PHOSPHOLIPIDOSIS 

(PSEUDOALCOHOLIC LIVER DISEASE) 



Drugs 

Amiodarone 

Perhexilene 

Hexeatrol (diethylamino ethoxyhexestrol) 

Histology 

Microvesicular and macrovacuolar steatosis, AAallory's bodies, 
necrosis, monomorphonuclear and polymorphonuclear 
infiltrate, fibrosis, or cirrhosis 

Pathogenesis 

Lysosomal trappins of protonated drug -* formation of tight 
complexes \Mth phospholipids -» inhibition of phospho- 
lipases -> accumulation of phospholipids 



Table 6-6. 



At least three drugs, all of which have antianginal or antiar- 
rhythmic activity, have been shown to produce hepatic lesions 
similar to those seen with alcoholic liver disease. For this type of 
lesion, the term phospholipidosis has been applied. These drugs 
are listed here along with the histologic changes that they produce 
and the proposed pathogenesis. The proposed mechanisms 
are similar for all three drugs and is illustrated in Figure 6-32 
depicting perhexiline. 
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Figure 6-28. 



Hepatocyte injury 
(mixed injury) 



P450 

GSM 



Toxic Drug 







Toxic concentrations 
of bile salts 




Metabolite toxic to bile duct cells 
(microscopic cholangitis) 

± to hepocytes (mixed injury) 



Inhibition of bile 
acid transport 
(bland cholestasis) 






Tba 



V 



Bile duct cells 












Mechanisms of cholestasis. This figure 
demonstrates how a single drug can cause 
more than one type of liver toxicity. 

Because the bile flow is largely dependent 
on bile acid transport, drug-induced inhibi- 
tion of bile acid transport can cause 
cholestasis without inducing injury to bile 
duct cells or hepatocytes, ie, so-called 
"bland cholestasis." However, if there is 
significant accumulation of bile acids, this 
can lead to hepatocyte injury. This leads to 
a so-called mixed reaction with evidence of 
both cholestasis and hepatitis. A drug may 
be metabolically activated to a metabolite 
that is excreted and induces bile duct cell 
injury with microscopic cholangitis, but 
that with further accumulation within the 
hepatocyte is toxic to hepatocytes as well, 
causing a mixed injury. 




Figure 6-29. 



Bile acid-dependent bile flow. This figure explains why interruption of bile acid transport 
can cause bland cholestasis. A small fraction of bile flow occurs independently of bile acid 
transport, but the majority of bile flow is determined by bile acid excretion. Inhibition of 
normal bile excretion will therefore lead to bland cholestasis. 





Cyclosporin A 
Rifampin 
Glyburide 
Bosentan 



MRP2 



Estradiol- 1 7p-glucuronide 



BA' 



BSEP 



Figure 6-30. 



The bile salt export pump, BSEP, is an ATP-driven pump on the 
canalicular membrane. Cyclosporin A, rifampin, glyburide, and 
bosentan can cause bland cholestasis by inhibiting BSEP. 

Estradiol- 1 7 P-glucuronide also inhibits BSEP, but does so from 
the canalicular side of the transporter. Thus, transport of 
estradiol- 1 7 (3-glucuronide into bile by MRP2 is necessary to induce 
bland cholestasis. 
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Figure 6 - 31 , 




The hepatotoxic metabolite of flucloxacillin is 5-OH-methylflu- 
cloxacillin, which requires metabolic activation by CYP3A4 in the 
hepatocyte. This metabolite is much more toxic to bile duct cells 
than to hepatocytes. Excretion of 5-OH-methyflucloxacillin into 
bile may lead to bile duct toxicity and microscopic cholangitis. 



Metabolism of perhexiline 




Figure 6 - 32 . 



Metabolism of perhexiline. Perhexiline is metabolized in the 
liver mainly by hydroxylation. This process is mediated by 
P45011D6, the isoenzyme that is incidentally also involved in 
the metabolism of debrisoquine. Shown here is a proposed 
mechanism for the uptake of perhexiline by mitochondria and 
its effects on mitochondrial function. In the presence of respira- 
tory substrates, transfer of electrons along complexes 1, 111, and 
IV of the respiratory chain (not shown) is associated with the 
release of protons from the matrix to the intermembranous 
space, creating a large potential difference across the inner 
mitochondrial membrane, with the outer side being positively 
charged. Uncharged perhexiline is protonated in the intermem- 
branous space. Protonated perhexiline enters the mitochondrion 
along the membrane potential. This entry is facilitated by forma- 
tion of an ion pair with the lipophilic anion, tetraphenylborate. 
Inside the mitochondria, where the pH is relatively more alkaline, 
protonated perhexiline dissociates into a proton, whose entry 
(bypassing ATP synthase) is responsible for the uncoupling 
effect of perhexiline, and into nonprotonated perhexiline, whose 
extensive accumulation (at least 20-fold) inside the mitochon- 
drion may be responsible for inhibition of both the respiratory 
chain and (3-oxidation. 

With this sequence of events, (3-oxidation is inhibited. The 
degree of inhibition correlates with the level of the perhexiline 
dose. Esterification of fatty acids to triglycerides is consequently 
increased, thus leading to the accumulation of tiny fat droplets in 
the hepatocyte cytoplasm. 

Amiodarone and its principal metabolite have been shown in 
animal experiments to also inhibit mitochondrial (3-oxidation 
of fatty acids. A similar mechanism for the formation of micro- 
vesicular steatosis has also been involved for hypoglycin (the 
toxin from unripe akee responsible for Jamaican vomiting sick- 
ness), as well as for 4-pentenoic acid and ethanol. {Adapted from 
Deschamps et al [49].) 
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Figure 6 - 33 « 
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Azathioprine hepatotoxicity. The metabolism of azathioprine and 
its first derivative, 6-mercaptopurine (6-MP), is under genetic 
control. The availability of thiopurine methyltransferase (absent in 
0.3% and decreased in 11% of the population) determine the 
amount of 6-thioguanine versus 6-MP generated. Efficacy of the 
drug for inflammatory bowel disease and any bone marrow toxi- 
city is related to the amount of thioguanine derived and has been 
used as one guide for these. Sinusoidal obstruction syndrome 
(formerly known as venoocclusive disease) may occur with therapy 
with 6-thioguanine and 6-thioguanine toxicity may be one of the 
factors in azathioprine-induced sinusoidal obstruction syndrome. 

It has been suggested that an excess of 6-methylpurine may be 
involved in other hepatocellular injury {ie, cholestasis). More data 
documenting this are needed. This genetic proactive approach to 
possible prevention of drug-induced hepatotoxicity could be more 
widely used in the future. XO — xanthine oxidase. 



TABLE 6-7. CAUSES OF SINUSOIDAL 

OBSTRUCTION SYNDROME* 



Myeloablative regimens for bone marrow transplantation 

Busulfan/cyclophosphamide/total body irradiation, 

busulfan/cydophosphamide, cyclophosphamide/total 
body irradiation, busulfan/melphalan/thiotepa 

Gemtuzamab-ozogam icin 
Actinomycin D 
Dacarbazine 
6-Thioguanine 
Pyrrolizidine alkaloids 

Alkaloids from the plant species Crotaiaria, Heliotropium, 
Senedo, Symphytum 



Table 6 - 7 . 



Causes of sinusoidal obstruction syndrome (SOS). SOS was 
formerly known as hepatic venoocclusive disease. The change in 
name reflects the recognition from clinical studies that there is 
often no venous involvement and the basic research that indicates 
that the disease is initiated by changes in the hepatic sinusoids. The 
most common cause of SOS in North America and Western Europe 
is the myeloablative regimen in preparation for bone marrow 
transplantation for malignancy. This table lists some of the regi- 
mens that have been implicated. The incidence of SOS in patients 
with myeloid leukemia treated with gemtuzamab-ozogamicin, a 
monoclonal antibody conjugated to a toxin, is much higher in 
patients who had previously undergone bone marrow transplanta- 
tion. The incidence of SOS for the other drugs listed is relatively 
low in comparison. In other parts of the world, the major cause of 
SOS is ingestion of pyrrolizidine alkaloids, either in the form of 
teas or as contaminants in inadequately winnowed wheat. 



*Formerty known as '^venoocdusive disease. “ 
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Herbal preparations as possible hepatotoxins 



TABLE 6-8. HERBAL PREPARATIONS IMPLICATED AS POSSIBLE HEPATOTOXINS* 



Common names 


Scientific names 


Folk uses 


Possible toxic 
component 


Hepatic disorder 


Chaparral 


Larrea tridentata 


Cancer, arthritis, bruises, 


Nordihydrosuaiaretic acid 


Acute and subacute 


(Creosote bush, 
Sreasewood, 
Sovernadora) 


Larrea divaricata 


diarrhea, eczema, 
colds, bronchitis, 
menstrual cramps, 
amenorrhea, venereal 
disease, "blood 
purifier", emetic, 
antiseptic, diuretic 


(DNGA) and other 
related compounds 


hepatitis 


Chinese herbs 


Coptis senesia 


Tonic, to remove "toxic 


Unknown 


Unconjugated 


Chuen-Lin (Huang-Lien, 
Ma Huang) 


Coptisjaponicum 


products of presnancy" 
in neonates 




hyperbilirubinemia 


Yin -Chen 


Antemesia scoparia 


Neonatal jaundice 


Unknown 


Potential kernicterus 


Comfrey 


Symphytum officinate 


Fatigue, abdominal pain, 
allergy 


Pyrrolizidine alkaloids 


Venoocclusive disease 


Germander 


Teucrium chamaedrys 


Weight control, bitter 
tonic, appetizer, 
choleretic, antiseptic 


Furano neoclerodane 
deterpenoids 


Reversible acute hepatitis, 
fatal massive hepatic 
necrosis 


Gordolobo 


Verbascum thaprus, 
senecio longilobus, 
gnaphalium macounii 




Pyrrolizidine alkaloids 


Potential for 
venoocclusive disease 


Mistletoe 


Viscum album, 


Infertility, asthma. 


p-Phenylethylamine, 


Hepatitis with piecemeal 




phoradendron 

flavescens 


epilepsy, aphrodisiac 


tyramine, acetylcholine, 
propionylcholine 


necrosis and distortion 
of lobular architechture 


Senna 


Cassia angustifolla, cassia 
acutifolia 


Laxative or cathartic 


Senosides, rhein anthron 


Hepatitis 


Skullcap 


Scuttelaria galericulata 


Sedative, anticonvulsant 




Hepatitis with 
centri lobular and 
bridging necrosis 


Valerian (garden 
heliotrope) 


Valerian officinalis 


Sedative, hypnotic, 
spasmolytic, 
hypotensive 




Hepatitis with piecemeal 
necrosis, chronic 
aggressive hepatitis 
with fibrosis 


*Hefbdi teas vary widely in composition and may contain several potential toxins often containins pyrrolizidine alkaloids from Senecio, Symphytum, Crotalaria, or 


Heliotropum. Intrauterine damase may also result from maternal consumption of these concoctions. Babies may develop toxic liver disease from consumins 
herbal beverases or milk from mothers takin$ toxin-containins herbal drinks. 



Table 6-8 



Herbal preparations implicated in hepatotoxicity. This table 
summarizes the common names, scientific names, folk uses, 
possible toxic components, and the hepatic disorders associated 
with the use of those folk remedies. Although many cases can 
be attributed to the toxic properties of pyrrolizidine alkaloids, 
some are related to other plant toxins. These preparations are 
ingested as infusions, other forms of liquid concoctions, tablets, 
or capsules. In addition, herbal preparations may be adulterated 
with more conventional agents, like aminopyrine, which have 
been banned because of toxicity, and with heavy metals like 
lead, arsenic, and cadmium [51]. 



A popular Chinese herbal preparation Chuen-Lin (also known 
as Huang Lien or Ma Huang) is frequently used as a tonic by 
adults and given to neonates to rid them of "various toxic 
products of pregnancy." It has been shown to produce unconju- 
gated hyperbilirubinemia by displacing bilirubin binding from 
plasma protein, but the component responsible for this effect 
has not yet been identified. The concoction may also precipitate 
hemolysis in infants with a deficiency of glucose 6-phosphate 
dehydrogenase. In both situations, the danger of kernicterus 
is real [52]. 
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Mechanisms of toxic injury 



Figure 6-34, 



CH3 CH3 




R = OH Monocrotaline 
R = H Fulvine 





CH3 



Mechanisms of toxic injury. The pyrrolizidine-induced hepatic 
damage is dependent on the dose and can be reproduced in 
animals [53]. Experimental studies [54,55] have shown that toxi- 
city is initiated by damage to sinusoidal endothelial cells, which 
round up. This permits blood to penetrate into the space of Disse, 
allowing the flow of blood in the space of Disse to dissect off the 
sinusoidal lining. The sinusoidal lining cells embolize the sinu- 
soid, blocking blood flow and initiating the course of events that 
leads to sinusoidal obstruction syndrome (venooclusive disease). 

This figure shows the three typical pyrrolizidine alkaloids. 
Monocrotaline and fulvine represent Crotalaria-Xype alkaloids, 
whereas seneciphylline represents a Senecio-Xype alkaloid and lasio- 
carpine a Symphytum-XYpe alkaloid. 

Pyrrolizidine alkaloids are metabolized by cytochrome P450 to 
two major products: the reactive and highly toxic pyrrole and the 
less toxic N-oxide [56]. The pyrrole then forms a conjugate with 
glutathione. The toxicity of pyrrolizidine is said to be a function of 
the alb unsaturation of the necic acid esters and the C1-C2 unsat- 
uration of the necine base [56,57]. Susceptibility to the toxic effects 
of pyrrolizadine varies among different animal species. Animals 
that form pyrroles efficiently, such as cattle, are more likely to 
develop toxicity than the less efficient metabolizers, such as sheep 
[58]. [Adapted from Huxtable [57].) 



Metabolism of pyrrolizidine 



^ I I ^ Reactive metabolite 

JJ P450s (probably epoxide) 

O (mainly 3A) 

Furano 

neoclerodane Toxicity after high 

diterpenoids dose in mice 



Inactivation 

(glutathione and probably 
epoxide hydrolase) 



Figure 6-35. 



Possible mechanism for the hepatotoxicity of germander. Germander has been used as a 
bitter tonic, appetizer, choleretic, and for weight control. The pathogenesis of the hepatic 



injury produced by germander has been 
studied in mice using lyophilized 
germander tea, which contains furano 
neoclerodane diterpenoids. These 
compounds may be activated particularly 
by cytochrome P450111A into reactive 
metabolites, probably epoxides. The 
metabolites are in turn inactivated by 
glutathione conjugate formation (and 
probably by epoxide hydrolase as well) or 
they may react with hepatic proteins 
resulting in toxic hepatitis. [Adapted from 
Loeper et al [59].) 
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TABLE 6-9. ANTECEDENT LIVER INJURY AND 
THE USE OF POTENTIALLY 
HEPATOTOXIC DRUGS 



Lower dose in hepatically metabolized dose-dependent 
hepatotoxins 

Consider drug binding in plasma and drug-drug interactions 

Consider pharmacodynamic effects /e, sedatives and NSAIDs in 
cirrhotics) 

No basis for avoiding unpredictable hepatotoxins, ie, no 

Increased frequency of drug-induced liver disease* 

However, greater risk of increased severity of combined liver 
disease 

Thus, need for good baseline liver tests, monitoring of early 
therapy, and vigilance 

*in patients with chraiic hepatitis C there may be a higher incidence of 

hepatotoxidty to antitubercutous and antiretrovirai (ritonavir) medications, 

as welt as chemotherapy resimens. 



Antecedent liver injury and the use of potentially hepatotoxic 
drugs. The potential for drug hepatotoxicity in a patient with an 
underlying liver disease raises a separate issue. If the parent 
compound is known to be the injurious component and its accu- 
mulation therefore is deleterious in the presence of impaired 
hepatic function, then the drug dose should be adjusted downward 
in patients with liver disease. An alternative is the use of another 
drug. On the other hand, if hepatic injury is due to the generation 
of toxic metabolites, then impaired drug degradation due to liver 
disease could actually lessen the potential for liver damage. In idio- 
syncratic hepatotoxicity, in which the initiation of liver injury is 
unpredictable, close monitoring is at present the only practical 
approach, with withdrawal of the drug as soon as evidence of liver 
dysfunction appears. This implies the use of a good baseline to 
detect early a meaningful increase in hepatic dysfunction while on 
the drug. In general, it is not felt that antecedent liver injury 
enhances the frequency of unpredictable drug reactions. This 
presupposes a lack of increased sensitivity of such liver disease to 
the drug, an area still in evaluation. Exceptions may be isoniazid 
toxicity in patients with hepatitis B and C, and greater toxicity of 
some protease inhibitors [ie, ritonavir) in patients with concomi- 
tant HfV and hepatitis C infections. The major concern is the 
summation of a drug-induced hepatotoxicity with an underlying 
liver disorder. Hence, the need for monitoring for early detection. 



TABLE 6-10. DIAGNOSIS OF 

DRUG-INDUCED LIVER DISEASE 



High index of suspicion 

Careful history of drug intake 

Compatible temporal sequence 

Short duration of drug use 

Clinicat/labofatory profile consistent with known pattern (/e, 
hepatocellular, cholestatic) of drug injury 

Use of drug combinations (/e, 

isoniazid/rifampin/alcohol/acetaminophen) knowni to 
predispose to drug toxicity 

Age compatible with particular drug toxicity (/e, > 40 for 
isoniazid; < 20 for vafproic add) 

Systemic manifestations (/e, fever, rash, eoslnophilia, multisystem 
involvement) 

Liver biopsy consistent with drug-induced injury (not necessarily 
specific and not always needed) 

Exclusion of other causes 

Improvement (clinical/laboratory) after cessation of drug use; 
usually significant fall in transaminases in 2-4 wk for 
hepatocellular injury, slower with cholestasis 

Rechaflenge (almost never indicated) 



Table 6-10 



Diagnosis of dnig-induced liver disease. 
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Table 6 - 11 . 



TABLE 6-1 1 . MANAGEMENT OF DRUG-INDUCED 
LIVER DISEASE 



Management of drug-induced liver disease. 



Prompt cessation of suspected drug use* 

Specific antidote (ie, N-acetylcysteine for acetaminophen 
Supportive therapy for liver disease (ie, management of 
complications/transplant) 

Corticosteroids offer no proven benefit but may be tried in 
patients with h^^rsensitivity (vasculitis) not responding to drug 
withdrawal 

Liver transplantation for fulminant hepatic failure (acute liver failure) 

* Clinical and biochemical monitorins may permit early discontinuation of 
dru3 use. The frequency and cost/benefit of biochemical monitorins is 
presently under discussion and requires more study. 
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Acute Liver Failure 



when liver failure occurs in a previously healthy individual, its 
onset is often so rapid that it takes experienced physicians by 
surprise. Terms such as hyperacute or fulminant hepatic necrosis 
have been used to emphasize the rapidity and severity of the 
condition. The onset of acute liver failure is heralded by an 
altered mental state, often with agitation and confusion that 
may proceed to coma, and by evidence of coagulopathy 1 1-4|. 
The diagnosis of acute liver failure requires that these symptoms 
develop in a patient without preexisting chronic liver disease. 
Although not all observers agree on precise definitions, it is 
generally accepted that onset of liver- related illness {usually, but 
not always, accompanied by jaundice) less than 8 weeks before 
patient presentation with altered mentation and coagulopathy 
fits the designation of acute liver failure. Development of these 
signs within a week of onset of liver disease and as much as 6 
months from the first sign of illness is sometimes referred to as 
hyperacute and subacute liver failure, respeaively. 

An immediate challenge in managing such patients is deter- 
mination of the cause of acute liver failure in each case. 
Whereas certain factors, such as extent of encephalopathy and 
development of various complications, have an impact on 
outcome, the underlying etiology best determines the likeli- 
hood of spontaneous survival or the need for urgent liver trans- 
plantation [3,4|. The primary causes of acute liver failure vary in 
prevalence in different regions of the world, and include drug 
toxicity and viral infections; there is also a large category of 
cases in which the specific etiology cannot be determined. 
Other less common but important causes include autoimmune 
hepatitis, Wilson disease, ischemic injury secondary to cardiac 
dysfunction or to drug effects, the Budd-Chiari syndrome, 
malignant infiltration, and fatty liver of pregnancy |3-9|. 
Whatever the cause, the resulting disease process involves exten- 
sive loss of hepatocyte mass and functional capacity, 

Unique clinical features of acute liver failure include altered 
mental status with evolution of cerebral edema ensuing in 
many patients [2,3,10]. Here, a stark contrast exists with 
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cirrhotic liver disease, in which cerebral edema is rarely seen. 
The hypotension and peripheral vasodilation seen in 
cirrhosis, however, are observed in patients with acute liver 
failure. Loss of intravascular fluid volume into the interstitial 
tissues results in renal failure and lactic acidosis if volume 
status cannot be carefully maintained. Bleeding from the 
gastrointestinal tract, increased susceptibility to a variety of 
nosocomial infections, occasional cardiac arrhythmias, adult 
respiratory distress syndrome, and the multiple organ 
dysfunction syndrome are observed, testifying to the wide- 
spread organ involvement engendered by the sudden loss of 
hepatocyte function [2]. 

Liver biopsy in these critically ill patients is generally not 
feasible because of coagulopathy, but a transjugular approach 
may be used with less bleeding risk. When tissue is available, 
the typical findings are massive necrosis of hepatocytes with 
varying degrees of inflammation. Biopsy is especially valuable 
when tumor infiltration is suspected, since this diagnosis 
precludes consideration of transplantation. 

In addition to determination of likely etiology, initial diag- 
nostic efforts are directed at confirming the presence of coag- 
ulation changes, elevated ammonia levels, and a central 
nervous system-mediated respiratory alkalosis. Not only 
prognosis but also potential treatment decisions hinge on 
diagnosis of certain causes of acute liver failure. Historical 
evidence of ingestion of excessive amounts of acetamino- 
phen, either as an intended suicidal overdose or the inadver- 
tent use of supertherapeutic amounts of pain medications, 
should be of paramount concern because timely administra- 
tion of N-acetylcysteine may prove to be lifesaving [11,12]. It 
should be remembered that significant hepatotoxicity may 
occur even when recommended doses of acetaminophen are 
ingested in the presence of chronic alcohol abuse or other 
poor nutritional states [13]. Similarly, mushroom poisoning 
must be specifically indicated in the history so that proper 
antidotes may be given [14]. In the absence of clear toxin 
overdose or other immediately evident etiology, hepatitis 
serologies are generally indicated to look for acute viral infec- 



tion. Such cases will most frequently be due to hepatitis B or, 
less often, to hepatitis A. Occasionally, acute hepatitis D may 
be diagnosed in a hepatitis B-positive individual. Hepatitis C 
alone does not appear to cause true acute liver failure. 
Hepatitis E is a significant cause of acute liver failure in some 
developing countries, and tends to be more severe in preg- 
nant women [15-17]. 

The hallmark of treatment consists of good intensive care 
and support because no specific therapy has yet been discov- 
ered that provides the required rapid hepatic regeneration. 
Attention to careful fluid management, surveillance for infec- 
tion and prompt resuscitation for evidence of gastrointestinal 
bleeding are important. Platelets and plasma may be required 
but are usually administered only with evidence of hemor- 
rhage. Elevation of intracranial pressure may lead to brain- 
stem herniation and death. Specific therapy with intravenous 
mannitol may be used to abort signs of intracranial hyperten- 
sion, such as decerebrate posturing, pupillary dilatation, and 
respiratory pattern changes. Risk of gastrointestinal bleeding 
can be minimized with prophylactic use of histamine-2- 
receptor blockers or proton pump inhibitors [4,18]. Hepatic 
transplantation produces dramatic patient rescues; 1-year 
survival rates have been reported at greater than 70% [19,20]. 
Unfortunately, difficulties in timing of transplantation and in 
predicting prognosis, as well as a lack of readily available 
donor organs, continue to limit the use of this often lifesaving 
technique. Various liver-support devices are continually being 
tested as potential bridges to transplantation, but as yet none 
has provided reliable improvement in outcome [4,21-23]. 

The crisis that so rapidly evolves in acute liver failure can 
quickly dissipate once the failing liver begins to recover its 
own intrinsic function. The most recent data show that as 
many as two thirds of patients with acute liver failure from 
acetaminophen overdose recover spontaneously. The fact 
remains, however, that some groups, such as cases of idiosyn- 
cratic drug toxicity and those of indeterminate etiology, still 
have less than 25% survival without liver transplantation; such 
numbers highlight the gravity of this relatively rare condition. 
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Estimated prevalence of common causes of acute liver failure 
worldwide. Great variation is observed between the United 
Kingdom (high prevalence of acetaminophen toxicity) and India 
(predominantly hepatitis B and others, including a large 
percentage of hepatitis E cases) [24], An increasing proportion of 
acute liver failure in the United States is attributable to acetamino- 
phen. Although generally with better outcomes, these cases may 



account for more than 50% of patient hospital admissions for 
acute liver failure in certain urban areas [2,13]. Furthermore, 
significant numbers of unintentional acetaminophen poisoning 
cases are being recognized, in which the medication is taken to 
relieve pain, without suicidal intent. Whether ethanol abuse is a 
cofactor in these cases is not entirely clear. 



TABLE 7-1 . PRINCIPAL CAUSES OF ACUTE 
LIVER FAILURE 



Drus-related hepatotoxicity 
Acetaminophen 
Idiosyncratic drus reactions 
Indeterminate etiolosy 
Viral hepatitis 
Acute hepatitis B 
Acute hepatitis A 
Others (hepatitis E, others rare) 

Autoimrtiune hepatitis 
Ischemic liver injury 
Cardiosenic "shock" 

Other (e5, cocaine, methamphetamines, ephedrine) 
Miscellaneous causes 
Wilson disease 
Budd-Chiari syndrome 
Acute fatty liver of pregnancy 
Malignancy 

Veno-occlusive disease 



Table 7-1. 



Principal causes of acute liver failure. Cause of acute liver failure is 
important because it determines prognosis. In some instances, 
initial management must be directed at the specific cause. Disease- 
specific treatments include antidotes to acetaminophen and mush- 
room poisoning that must be given immediately on patient admis- 
sion to the hospital. Identification of severe heart failure as the 
cause indicates proper resuscitation and correction of any fluid 
balance disturbance. Likewise, recognition of acute fatty liver of 
pregnancy leads to consideration of delivery of the mother as the 
logical treatment for this condition. Patients with fulminant 
Wilson disease carry such a poor prognosis that urgent listing for 
transplantation must be immediately undertaken once this diag- 
nosis is made, although therapy with trientine or penicillamine is 
often initiated. 
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Figure 7 - 2 * 



Reactivation of inactive hepatitis B after chemotherapy. Patients 
with fulminant hepatitis B infection often clear the virus rapidly 
presumably as the result of a vigorous immune response. In these 
patients, hepatitis B surface antigen (HBsAg) and even hepatitis B 
virus DNA may be undetectable on or shortly after presentation. 
Anti-hepatitis B core IgM antibodies (anti-HBclgM) will usually be 
positive in these cases and may aid in diagnosing HBV as the cause 
of acute liver failure. If liver transplantation is required for patients 
with early clearance, prognosis is generally good in that infection 
of the new liver graft rarely occurs. Intravenous drug users are 
sometimes found to have combined hepatitis B and D or B and C 
infections. The combination of these infections tends to carry a 
higher morbidity than either alone, but hepatitis C by itself virtu- 
ally never causes true acute liver failure [3,4,17]. The combination 
of acute hepatitis B with acute hepatitis D is also an uncommon 
cause of acute liver failure; clearance of hepatitis B infection aborts 
continued delta infection, and each virus appears to inhibit repli- 
cation of the other to some extent, thus facilitating clearance of 
both. Mutations in the hepatitis B virus precore and core promoter 
regions are common in cases of acute liver failure secondary to 
hepatitis B, and these variants are usually hepatitis B early antigen 
negative on serologic analysis [25]. 



It is not clear whether these mutations are directly related to the 
fulminant course. 

Another scenario in which hepatitis B may cause acute liver 
failure is through reactivation of inactive hepatitis B during or after 
certain regimens of cancer chemotherapy. The patient in this figure 
developed acute liver failure from reactivated hepatitis B after 
receiving CHOP (cyclophosphamide, doxorubicin, vincristine, 
prednisone) chemotherapy for lymphoma. A, Prominent ground- 
glass cytoplasmic inclusions of the virus in a background of acute 
hepatitis (hematoxylin and eosin, X400). B, Architectural disrup- 
tion with intracellular fibrosis and hepatocyte necrosis (trichrome, 
X 100). C, Immunohistochemical stain for hepatitis B surface 
antigen showing diffuse strong cytoplasmic reactivity (X 100). D, 
Immunohistochemical stain for hepatitis B core antigen showing 
nuclear reactivity (X 100). 

The antiviral agents lamivudine and adefovir, used widely in the 
treatment of chronic active hepatitis B, may be considered in 
patients with fulminant hepatitis B, although experience with these 
drugs in severe hepatitis or acute liver failure is still quite limited. 
{Courtesy of Guy Lindberg, MD; University of Texas Southwestern 
Medical Center, Dallas.) 
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Figure 7 - 3 . 



Acetaminophen metabolic pathway. The main metabolic pathways for xenobiotic metabo- 
lism by the liver are divided into phase 1 (using cytochromes P-450), phase 11 (sulfation 
and glucuronidation), and the glutathione-S-transferase system. Acetaminophen is a 
prime example of a well-understood metabolic pathway that uses all three mechanisms. 
Acetaminophen in therapeutic doses undergoes sulfation and glucuronidation (phase II 



reactions) but is metabolized by 
cytochrome P-450 2E1 (phase I reaction) to 
the toxic metabolite N-acetyl-p-benzo- 
quinoneimine (NAPQI) if the capacity of 
the phase II reactions is exceeded or if the 
cytochrome is induced. Glutathione-S- 
transferase is capable of detoxifying NAPQI 
to mercapturic acid if glutathione is avail- 
able; N-acetylcysteine is an excellent source 
of glutathione substrate. Acetaminophen 
serves as an example of a direct toxin, one 
in which toxicity occurs in all individuals 
and is dose related, and in which all animal 
models demonstrate similar reactions. In 
alcoholic patients or individuals who are 
malnourished, glutathione depletion accen- 
tuates the liver injury. In addition, induc- 
tion of P-450 2E1 by ethanol and some 
other drugs may enhance formation of 
NAPQI. This metabolite may cause hepato- 
cyte damage via covalent binding to intra- 
cellular proteins [26]. Derangements in the 
regulation of apoptosis may also contribute 
to hepatocyte destruction [27], and the 
xenobiotic receptor CAR (constitutive 
androstane receptor) has recently been 
identified as a key regulator of acetamino- 
phen metabolism and hepatoxicity in mice, 
suggesting new possibilities for potential 
hepatoprotective therapies in humans [28]. 




Figure 7 - 4 . 



Acetaminophen toxicity nomogram. This nomogram aids in deter- 
mining the likelihood of serious acetaminophen hepatotoxicity 
using plasma levels and the estimated time of the ingestion-to- 
sampling interval. Levels falling in the lower zone indicate that the 
liver damage should be mild, and those falling in the upper zone 
indicate that damage will be severe. Use of N-acetylcysteine (NAG) 
as an antidote is indicated in either case, because it is quite safe and 
acetaminophen toxicity is sometimes unpredictable, particularly 
when the interval from ingestion to clinical presentation is long or 
unknown, or when it has occurred over several days, rather than at a 
single timepoint. NAG may still have some value 48 hours or more 
following ingestion. [Adapted from Zimmerman [29].) 
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TABLE 7-2. DRUGS IMPLICATED IN IDIOSYNCRATIC LIVER INJURY LEADING TO ACUTE LIVER FAILURE 



Infrequent But Not Rare 


Rare 


Combination Agents with Enhanced Toxicity 


Isoniazid 


Didanosine 


Ethanol-acetaminophen 


Sulfonamides 


Sustiva (efavirenz) 


T rimethopri m-su Ifamethoxazole 


Phenytoin 


Metformin 


Rifampin- isoniazid 


"Statins" 


Ofloxacin 




Propylthiouracil 


Ketoconazoie 




Halothane 


Methyidopa 




Disulfiram 


Allopurinol 




Valproate 


Nefazodone 




Amiodarone 


Quetiapine 




Dapsone 


Isofiurane 




Bromfenac* 


Lisinopril 




Troglitazone* 


Nicotinic add 




Herbals^ 


Imipramine 

Gemtuzumab 

Ecstasy (methylenedioxymethamphetamine) 

Labetalol 

Etoposide 

Flutamide 

Tolcapone 





^Removed from the market 
^ Usually combinations of various herbal as^nts^ 



Table 7-2. 



Drugs implicated in idiosyncratic liver injury leading to acute liver 
failure. A wide variety of medications have been associated at one 
time or another with acute liver injury. Although some drugs have 
never been implicated, others are well known as occasional acute 
hepato toxins. The frequency of such reactions may vary from one 
in 100 patients receiving isoniazid to one in 10,000 patients 
receiving halothane, or less with many other compounds. 
Implication of a given drug requires that the physician make a 



careful listing of all agents taken by the patient, the time period 
involved, and the quantity ingested. Most examples of hepato toxi- 
city occur within the first 4 to 8 weeks of drug initiation. 
Combination agents may have enhanced toxicity in comparison to 
that experienced with either ingredient alone. It is important to 
note that certain herbal preparations and other nutritional supple- 
ments have been implicated in causing liver injury, so that inquiry 
about such substances must be made during a complete medica- 
tion history [30]. 
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TABLE 7-3. ACUTE LIVER FAILURE CAUSED BY 
WILSON DISEASE 



Most patients are younser than 30 y 
Non- immune hemolytic anemia is often present with hish 
bilirubin levels (> 20 mg/dL) 

Kayser-Fleischer rings may be absent 
Alkaline phosphatase levels may be depressed 
Serum ceruloplasmin is typically decreased, but it maybe 
normal in 1 5% of cases 

Serum uric acid is often very low secondary to a renal tubular 
defect 

Almost universally fatal without hepatic transplantation 
Female; male ratio, 2:1 



Table 7-3, 



Acute liver failure caused by Wilson disease. Although Wilson 
disease is an uncommon cause of acute liver failure, early diagnosis 
is crucial, as it is almost universally fatal without hepatic transplan- 
tation. This diagnosis should be considered in all young individ- 
uals (< 30 years of age) with acute liver failure. Wilson disease is 
often accompanied by a non-immune hemolytic anemia thought 
to be due to increased levels of plasma copper, which results in an 
exaggerated high bilirubin level. A depressed serum alkaline phos- 
phatase is also seen. Serum ceruloplasmin may be normal in up to 
15% of cases, and high serum and urinary copper levels as well as a 
high hepatic copper level are helpful in diagnosis [31]. 



Confusion, coma 
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Clear lungs ^ — 
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Figure 7-5. 



Basic physical findings in acute liver failure. Typical features 
observed in the patient with acute liver failure include confusion, 
agitation, and possibly hallucination. Mental status may deteriorate 
quickly to coma, making history taking difficult. Most patients will 
be icteric, although some barely so. Spider angiomata as seen in 
cirrhotic patients should be absent. Tachycardia, tachypnea, and 
relative hypotension are common. Asterixis, so commonly observed 
in chronic hepatic encephalopathy, is rarely seen. Fetor hepaticus, a 
sweet but pungent odor caused by mercaptans excreted in the 
breath, is often noted. Percussion over the rib cage to detect hepatic 
dullness may reveal a considerably decreased liver span; at times no 
dullness may be appreciated as evidence of the loss of hepatic mass. 
At autopsy, the normal liver mass of approximately 1600 g may be 
reduced to as little as 600 g. Edema is not observed initially but may 
develop during the course. Although the extremities are often cold, 
after resuscitation "warm shock" is the rule. 
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Table 7-4 



TABLE 7-4. TESTS ORDERED FOR PATIENTS WITH ACUTE 
LIVER FAILURE 



Test 



Typical results 



Complete blood count 

Leukocyte count Normal unless elevated because of infection 

Hemo 3 lobin/hematocrit Normal unless sastrointestinal bleedins 

Platelet count Low in nearly 80%; frequently less than 1 00,000/mm^ 



Serum chemistries 

Sodium 

Potassium 

Chloride 

Carbon dioxide 

Blood urea nitrosen 

Glucose* 

Aspartate aminotransferase 
Alanine aminotransferase 
Albumin 
Total protein 

Ca2+ 

PO4- 

Bilirubin 



Alkaline phosphatase 



Normal or bw because of excess water intake 
Usually low because of renal loss of K"*" 

Normal 

Low because of central hyperventilation 
Low 

May be danserously low, causins mental chanses 
Typically > 1000, may be > 10,000 lU/L 
Typically > 1000, may be > 10,000 tU/L 
Low because of poor synthetic function 
Low because of poor synthetic function; high globulins 
suggest chronicity 
Low because of low albumin 
Often very low requiring replacement 
Typically high, less so in some hyperacute cases; very high in 
Wilson disease because of hemolysis or in longstanding 
disease or renal failure 
Normal to slightly increased 



Coagulation studies 

Prothrombin time* Typically at least 4 s prolonged 

Partial thromboplastin time Typically prolonged 



Arterial blood gasses 

pH* 

PCO2 

P02 



Often 7.5 or greater; acidosis a very bad sign 
Low because of hyperventilation 
Normal; lowaiso a bad prognostic sign 



Viral serologies 

He|:^titis A IgM 
HBsAg 

Hepatitis C antibody 
Hepatitis D antibody 



Positive only in acute hepatitis A cases 
Positive in many different settings (see Table 7-2) 

Positive test may be seen; rarely causes acute liver failure 
Order in patients positive for HBsAg 



Toxicology screening 

TESTS 

Acetaminophen* 

Ethanol 
Drug screen 



Other etiologic tests 

Ceruloplasmin* 



Negative; when positive, quantitation useful 
Negative; when positive, suspect other agents 
Cocaine may cause acute fiver failure; positive drug 
screen also suggests virus exposure 
(intravenous drug use more likely) 

Should be strikingly low in Wilson disease; 
otherwise low normal or normal 



Tests ordered for patients with acute liver 
failure. This table lists those tests that are 
requested by the clinician on the patient's 
admission to the hospital. Those marked 
with an asterisk are considered to be of 
utmost diagnostic importance. Initial emer- 
gency department tests should include meas- 
urement of prothrombin time, glucose, arte- 
rial blood gases, complete blood count, a 
toxicology screen, and a liver profile. 

Glucose should be given after blood is 
drawn in the patient with altered mental 
status until a clear cause and blood glucose 
level are determined. HBsAg — hepatitis B 
surface antigen. 
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Figure 7 - 6 * 



Cerebral edema on CT scanning in a 
patient with acute liver failure. A, CT of a 
normal brain showing clear demarcation 
between gray and white matter. B, A similar 
section showing obliteration of gray and 
white matter demarcation caused by 
increased cerebral water. Obliteration of 
brain sulci is also seen but is a less consis- 
tent finding. Evidence of edema using CT is 
a late and inconstant finding in cerebral 
edema patients and thus is not a reliable 
guide to therapy. The presence of edema 
has two possible adverse effects. First, it 
decreases cerebral blood flow and may 
result in brain anoxia. The cerebral perfu- 
sion pressure (systemic blood pressure 
minus intracerebral pressure) should be 
maintained above 40 mm Hg to preserve 
adequate brain oxygenation. Second, herni- 
ation of the brain stem through the falx 
cerebri caused by cerebral edema is 
uniformly fatal. Erratic changes in blood 
pressure, temperature, or breathing pattern 
imply impending herniation. 




Figure 7 - 7 . 



Physical findings in patients with advanced hepatic encephalopathy 
and cerebral edema. Typically, patients experience a brief period of 
agitation before the development of coma. Hepatic coma is usually 
graded as 1 through fV. Grade 1 is signified by altered personality 
and subtle changes in cognition. Grade 11 includes frank disorienta- 
tion, slurred speech, inappropriate behavior, and occasionally aster- 
ixis, but the patient remains able to follow commands. Grade 111 is 
characterized by deepening confusion with incoherent verbaliza- 
tions, sleeping most of the time but responsive to strong stimuli. 
Grade W patients are completely comatose and unresponsive even 
to pain. Hyperventilation is universal in all stages. In grade W (and 
sometimes in grade 111) hepatic coma, changes in breathing pattern, 
seizures, and pupillary abnormalities all may occur in the setting of 
cerebral edema. Grade fV patients may demonstrate decorticate or 
decerebrate posturing. These signs, alone or in association with 
systemic hypertension, warrant immediate evaluation for and 
pursuit of transplantation, if possible, and careful management of 
intracranial hypertension. Mannitol is still the mainstay of therapy, 
but other measures such as careful hemodynamic and renal moni- 
toring, raising the head of the bed to 30°, maintaining a low stim- 
ulus environment, and managing seizure activity are important as 
well [18]. Patients in stage 111 or fV encephalopathy may have 
subclinical seizure activity; routine elearoencephalogram moni- 
toring and prophylaxis with phenytoin may be considered [32]. 
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Figure 7 - 8 . 



Oxygen delivery curve. Patients with acute liver failure (ALF) 
develop a pathologic oxygen supply-dependency curve and extract 
oxygen over a wider range of delivery than normal. Hypoxia occurs 
in peripheral tissues frequently leading to lactic acidosis. Changes 
in peripheral oxygenation are poorly understood but appear to be 
the result of vasodilatation, low perfusion pressure caused by low 
systemic arterial pressure, platelet plugging of capillaries, and inter- 
stitial edema, all of which result in shunting of blood and, subse- 
quently, tissue hypoxia. The same abnormalities in oxygen delivery 
can be observed in adult respiratory distress syndrome (ARDS) and 
in sepsis. To optimize fluid intake in these patients, it is important 
to perform pulmonary artery pressure monitoring. Use of a-adren- 
ergic agents is discouraged because it may worsen peripheral 
oxygen delivery. [Adapted from MacNaughton and Evans [33].) 



TABLE 7-7. RENAL PARAMETERS IN ACUTE 
LIVER FAILURE 



Hemodynamic changes 

Hypotension 

Hish cardiac output 

Low systemic vascular resistance 

Tachycardia 

Possible lactic acidosis 

Serum factors elevated 

Renin 

Aldosterone 

Tumor necrosis factor-a 

Pro^taslandins 

Urine findings 

Low urine volume* 

Low urinary sodium 
Increased potassium 
Increased urinary urobilinosen 

*Presenc€ of hish urinary volume sugsests tubular necrosis. 



Table 7 - 5 . 



Renal parameters in acute liver failure. Massive alterations in 
hemodynamics occur in acute liver failure and the mechanisms 
underlying these changes are incompletely understood. In many 
respects, these patients resemble those with hepatorenal syndrome 
caused by advanced cirrhosis. Fluid deficits occur initially because 
of altered mental status leading to decreased per os intake, transu- 
dation of fluid into the extravascular space, and possibly gastroin- 
testinal bleeding; most patients require extensive fluid resuscitation 
on hospital admission. Low systemic vascular resistance exacer- 
bates this problem, and it may be necessary to place a pulmonary 
artery catheter to properly assess fluid needs. Fluid replacement 
should emphasize colloid, rather than crystalloid, although intra- 
venous glucose may also be required for maintenance of satisfac- 
tory blood glucose levels. Diuretics should be considered only if 
intravascular volume has been fully restored and pulmonary or 
cerebral edema is a consideration. Direct renal toxicity is some- 
times observed in acetaminophen overdose and will manifest as 
oliguria. Although few patients die as the result of renal failure 
alone, it often contributes to mortality; both renal failure and lactic 
acidosis are ominous signs in patients with acute liver failure [34]. 
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Figure 1 - 9 . 




Prevalence (A) and outcome (B) according 
to the cause of acute liver failure for 489 
patients from 23 centers across the United 
States. Outcome is indicated for sponta- 
neous survival (without transplantation), 
transplantation, and overall survival 
numbers for each causal category. Patients 
in the acetaminophen group had the 
highest spontaneous survival and low trans- 
plantation rates. In contrast, all but one 
patient with Wilson disease underwent 
transplantation. Spontaneous survival was 
low in other categories as well. [Data from 
US Acute Liver Failure Study Group, 
Unpublished.) 
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of liver cells into the peritoneum or splenic 
pulp. These cells have been shown to carry 
out some liver functions until the host 
rejects them. 

Several hepatocyte growth factors have 
been identified that may aid hepatic regener- 
ation, but preliminary studies do not show 
significant efficacy. Because growth factor 
levels tend to be elevated in acute liver 
failure, the likelihood of real benefit is small. 
In contrast, N-acetylcysteine, routinely used 
for acetaminophen toxicity, has also been 
shown to result in hemodynamic improve- 
ments and greater oxygen delivery in 
patients with non-acetaminophen-induced 
acute liver failure. Its effect on survival is still 
not known, and a clinical trial is currently 
addressing this issue. 

Grafts from living donors are often used 
in pediatric liver transplantation, but this 
practice in adult patients continues to 
generate controversy. A recent survey found 
that performance of living-donor liver trans- 
plantation in adults is increasing in 
frequency in the United States, although it is 
concentrated in relatively few high-volume 
centers [36]. Nonfatal complications in 
donors are relatively common, and although 
donor mortality is low, any death of a previ- 
ously healthy individual under such circum- 
stances understandably raises great concern. 
A, Right lobe graft. B, Left lobe graft. 

{Courtesy 0 / Robert S. Brown, Jr., MD, MPH; 
Columbia University College of Physicians 
and Surgeons, Columbia-Presbyterian 
Medical Center, New York.) 



Figure 7-10. 



Intraoperative photographs of related living-donor liver transplantation.Orthotopic liver 
transplantation is now the accepted treatment for acute liver failure in individuals who are 
unlikely to survive otherwise, but there are still many patients who die without receiving a 
graft. Although some of these patients are not suitable candidates for various reasons, 
numerous others do not undergo transplantation because of logistical problems {eg, diffi- 
culty in transporting a patient to a transplantation center, failure to obtain an organ donor 
within the critical time period). Furthermore, transplantation is costly and carries with it the 
problems of lifelong immunosuppression for a condition that may be self-limited. Patients 
who recover from acute liver failure apparently do so completely; therefore, less dramatic 
modes of treatment are more preferable if safe and effective. 

Auxiliary heterotopic transplantations, which entail the placement of a graft in the 
abdomen without removal of the native liver, may serve as a temporary bridge, allowing 
support for 4 to 6 months as the native liver recovers {see Fig. 7-11). In the absence of 
immunosuppression, the transplanted organ will eventually be rejected. Partial organ 
transplants, in which a left or right lobe is replaced in the orthotopic position, may also 
enable liver function to be maintained until the patient's own liver returns to normal [35]. 

Extracorporeal liver-assist devices, consisting of cartridges employing living hepatocytes 
from other species or tissue culture lines, hold promise for providing temporary liver 
support until transplantation can be carried out or the native liver regenerates. Temporary 
support can also be provided by extracorporeal whole-organ perfusion. Another treatment 
in the early stages of development is hepatocyte transplantation. This involves the infusion 
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TABLE 7-6- INDICATORS USED TO DETERMINE 

PROGNOSIS IN ACUTE LIVER FAILURE 



KCH criteria 

APACHE II scoring system 
AFP 

Gc -global in 
Factor V 
MELD model 
Serum phosphate 



Table 7-6* 



Indicators used to determine prognosis in acute liver failure. Given 
the limited organ availability, lack of good alternatives to transplan- 
tation, and potential complications of the lifelong immunosuppres- 
sion required post transplant, establishment of prognosis in acute 
liver failure remains a paramount goal. Much difficulty has been 
encountered in attempts to develop prognostic scoring systems, 
however [4]. The traditional criteria from the King's College 
Hospital (KCH) and the more recent Acute Physiology and Chronic 
Health Evaluation (APACHE) II scoring system used in many inten- 
sive care settings have not proved effective in reliably predicting 
outcome [37]. Age and interval between onset of illness and 
encephalopathy, previously proposed as important prognostic indi- 
cators, were not shown to affect outcome when considered inde- 
pendently from etiology in the largest United States multicenter 



study of acute liver failure to date [3,4]. The one notable exception 
was the small group of patients older than 65 years of age, in whom 
overall survival was relatively low. The degree of encephalopathy on 
admission does still appear to carry prognostic implications. 

The Mayo End-stage Liver Disease (MELD) score is now widely 
used to predict mortality among patients with chronic liver disease 
who are being considered for liver transplantation [38]; there is 
some interest in evaluating whether this model might also be used 
to gauge likelihood of death in patients with acute liver failure, but 
there are very few data available on this subject at this time. 

An important area of recent and ongoing research is the study of 
markers of disease severity or recuperation that could provide clues 
to outcome prediction. Gc-globulin, a-fetoprotein (AFP), and 
serum phosphate levels are among the more promising markers 
under evaluation [4,39,40]. Coagulation parameters such as factor 
V, the prognostic utility of which has long been debated, probably 
deserve further investigation, and may be more applicable to 
outcome in some etiologies than others [41,42]. The ongoing 
multicenter US Acute Liver Failure Study has been unable to 
analyze factor V because most of the participating centers do not 
routinely collect these levels. 

It is important to note that even as attempts are made to put 
together more meaningful prognostic scoring systems, it is increas- 
ingly clear that the underlying cause of acute liver failure is of utmost 
significance in predicting outcome. Efforts toward improving and 
expediting diagnosis will thus continue to be key in developing 
strategies for prognosis. AFP— alpha-fetoprotein; APACHE— Acute 
Physiology and Chronic Health Evaluation; KCH — King's College 
Hospital; MELD — Mayo End-stage Liver Disease. 





Figure 7-11. 



Auxiliary heterotopic liver transplantation. 
Diisopropyliminodiacetic acid (DISIDA) 
scintigraphy performed 1 and 6 months after 
auxiliary partial liver transplantation. At 1 
month (A), uptake is achieved by the graft, 
whereas at 6 months (B), the regenerated 
host liver takes up the DISIDA and the auxil- 
iary graft appears to have atrophied and 
virtually disappeared. This form of treatment 
employs a simpler operative procedure, and 
offers the chance of full recovery of the 
native liver so that immunosuppression is 
not required in the long term. {From 
Metselaar et al [43]; with permission.) 
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Establish diagnosis: acute liver failure 

(increased prothrombin time, altered mental status, apparent hepatic illness) 






Admit to intensive care unit 



Evaluate etiology: 
history, blood tests 






Acetaminophen? 
(history, blood level) 






No 



Wilson disease? 

(high bilirubin, low ceruloplasmin, 
high urine copper) 

Drug^induced, viral, unknown 
(history, serologies) 

If yes, no specific therapy except 
good intensive care and 
transplant if needed 



Yes 



^ A/- Acetyl cysteine 



Mushroom poisoning? ~ l 
(history, muscarinic symptoms) 

No 






Penicillin, 
silibinin antidote 



Yes 



Transplant 






Estimate severity: 
examination, blood tests 



]£ 



Low likelihood of 
spontaneous recovery? 



V 



No 



Continue intensive care 
unit monitoring 
H2 blockers/proton pump 
inhibitors 
Mannitol available 
Quiet room 

Avoid sedation unless agitation 
develops 

Observe for infection, bleeding, 
renal failure 

If low urine output, place 
PA catheter 



Yes 



List for transplant, 
place ICP monitor 



Figure 7-12. 



Suggested algorithm for triage, diagnosis, and treatment of the estimate the severity of the illness. ICP — intracranial pressure; PA — 

patient with acute liver failure. It is first necessary to perform the pulmonary artery, 
three E's: establish the diagnosis, evaluate the etiology, and 




Figure 7-13. 



Pediatric acute liver failure, distribution by age. Acute liver failure in children differs from that 
seen in the adult population. Encephalopathy and coagulopathy are still hallmarks of the 
illness, but encephalopathy may be more difficult to measure and presents differently, 
depending on the age of the child. As in adults, medications including acetaminophen 
cause acute liver failure, autoimmune hepatitis is observed, and a sizable proportion of 
cases have no clearly identifiable cause. Inborn errors of metabolism are important precipi- 



tants of acute liver failure in pediatrics, 
particularly during infancy, and it is 
believed that undiagnosed metabolic defects 
may be responsible for many of the "inde- 
terminate" cases. Efforts to identify such 
defects are among the many goals of the 
multicenter Pediatric Acute Liver Failure 
Study, which is underway currently in 17 
sites in the United States, Canada, and the 
United Kingdom. Early results from this 
study, analyzing 139 of the first 150 patients 
enrolled, reveal a bimodal age distribution 
of incidence, with the greatest number of 
cases occurring in infants, and a second 
peak seen in teenagers between 13 and 16 
years of age. Survival appears to be better in 
pediatric than adult populations, with 
reports averaging 70% to 80% overall 
survival [44]. As with adults, advances in 
intensive care and the advent of transplanta- 
tion have improved outcome. In contrast to 
adult medicine, pediatrics routinely utilizes 
split or live-donor liver grafts in transplanta- 
tion; results in both donors and recipients 
have been excellent [36]. [Courtesy o/ Robert 
Squires, MD; University of Texas 
Southwestern Medical Center, Dallas.) 
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I PATHOLOGIC FINDINGS 




Figure 7-14. 



Massive liver necrosis secondary to halothane anesthesia. This 55- 
year-old woman died 35 days after halothane anesthesia for a 
cholecystectomy. Twenty years prior, she had undergone a hysterec- 
tomy with halothane. The patient became ill 2 weeks after her 
surgery and became comatose 2 weeks later, never regaining 
consciousness. The liver was small and shrunken, with a wrinkled 
capsule, and weighed only 680 g (normal liver weight, 1400 to 
1600 g). This finding was formerly referred to as acute yellow atrophy. 




Figure 7-15* 



Histologic findings in a selection of patients with acute liver 
failure. A, Normal liver for comparison. In this photomicrograph 
of a normal hepatic lobule, a portal tract (P) and hepatic venule 
(V) are highlighted. The liver cells appear uniform and cuboid in 
single-cell plates lining the sinusoids. Very few inflammatory cells 
are present, and no signs of hepatocyte regeneration exist (hema- 
toxylin and eosin, X 145). B, Autopsy specimen from a young girl 
who died of cerebral edema 7 days after an apparent acetamino- 
phen ingestion. Moderately severe centrilobular necrosis 




is present, but viable hepatocytes are seen in the periportal regions 
(hematoxylin and eosin, X 145). C and D, Massive hepatic necrosis 
caused by halothane. The patient (whose liver is shown in Fig. 7- 
13) died 35 days after a cholecystectomy during which she had 
received halothane anesthesia, probably representing her second 
exposure to the drug. Virtually the entire hepatic lobule appears 
necrotic, with fibrinoid cellular debris interspersed between portal 
tracts that appear to be in close proximity because of massive 
collapse of the intervening hepatocytes (Masson's trichome, C, 
X145; D, X185). 

[continued on next page) 
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Figure 7-15. {continued) 



E, Reye's syndrome. This infant was admitted with liver failure 
shortly after developing an upper respiratory infection that was 
treated with aspirin. Massive infiltration of hepatocytes with 
microvesicular fat is seen as pale areas within cells. There is little 
infiammation or evidence of necrosis. The finding of microvesic- 
ular fat is characteristic of Reye's syndrome as well as of fatty liver 
of pregnancy and exposure to certain nucleoside analogues (fialuri- 
dine, didanosine, and possibly zidovudine) (hematoxylin and 
eosin, X 185). F, Wilson disease. This autopsy photomicrograph is 
of a 16-year-old girl with a 2-week illness characterized by fatigue, 
confusion, and deep jaundice. Bilirubin level on admission to the 
hospital was 38 mg/dL, and she died on the fifth hospital day. 
Widespread hepatocyte necrosis and bile staining are present. 

There is evidence of some increased fibrosis and early cirrhosis in 
other sections. As in the halothane case, few remaining viable 





hepatocytes are seen (hematoxylin and eosin, X 185). G, Metastatic 
melanoma. This 58-year-old man presented with altered mental 
status, hepatomegaly, and jaundice 6 months after enucleation of 
his right eye for melanoma. The sinusoids are packed with malig- 
nant cells that appear to contain pigment (melanin). Ischemic 
necrosis of hepatocytes is presumed to result from sinusoidal 
obstruction. Liver biopsy is indicated in fulminant hepatic failure if 
the liver is massively enlarged, thus suggesting an infiltrative 
process. Transplantation would be inappropriate here and biopsy 
would therefore clarify the diagnosis (hematoxylin and eosin, 

X 145). H, Advanced tuberculosis. This 63-year-old man presented 
with a febrile illness of 2 weeks' duration, accompanied by jaun- 
dice and obtundation. At autopsy, massive replacement of the liver 
by granulomas containing tubercle bacilli was present. The patient 
had no other associated illnesses (hematoxylin and eosin, X 145). 

{continued on next page) 
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Figure 7-15. {continued) 



I, Amyloidosis. Massive infiltration of the hepatic sinusoids with 
amyloid appears to displace hepatocytes and cause atrophy of cells 
(hematoxylin and eosin, X 185). J, Ischemic myocardiopathy 
causing ischemic necrosis of hepatocytes. This 54-year-old over- 
weight man complained of fatigue and somnolence but was not 
found to be short of breath and had no history of heart 




failure. Prothrombin time was 16 seconds, alanine aminotrans- 
ferase was 1830 lU/L, serum ammonia was 135 mg/dL (normal 
< 30), and the ejection fraction was determined to be 16%. The 
centrilobular region shows dilated sinusoids and considerable 
necrosis of hepatocytes. His symptoms resolved with a 
cardiotonic regimen. 
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Chapter 

8 



Hemochromatosis and 
Wilson Disease 



There are many similarities and some differences between the 
major disorders of iron overload (ie, hereditary hemochro- 
matosis) and copper overload {ie, Wilson disease). The liver plays 
an integral role in the whole-body metabolism of both metals 
and is the principal organ affected when an excess of either metal 
is stored. Both hereditary hemochromatosis and Wilson disease 
are inherited disorders and, if diagnosed early, are fully treatable, 
with prevention of long-term sequelae. Hereditary hemochro- 
matosis is found in approximately one in 250 to 300 individuals, 
whereas Wilson disease affeas approximately one in 30,000 indi- 
viduals. Both iron and copper overload affect organs other than 
the liver, but the distribution of the two metals differs, with iron 
toxicity occurring primarily in the pancreas, heart, joints, and 
endocrine organs, whereas copper toxicity occurs in erythrocytes, 
kidneys, and the brain. The liver is the principal organ affected by 
overload with both metals; however, the mechanism by which 
the liver becomes overloaded differs. In hereditary hemochro- 
matosis, the liver is the passive recipient of excess amounts of 
absorbed iron. In Wilson disease, the genetic defect lies in a 
failure of biliary excretion of copper, resulting in excess hepatic 
deposition. Although hepatic overload of both metals causes 
cirrhosis, there are many different hepatic responses to copper 
excess, ranging from steatosis to chronic hepatitis to fulminant 
failure; with iron excess, the predominant pathology is portal 
fibrosis and cirrhosis. Patients with untreated hereditary 
hemochromatosis frequently develop hepatocellular cancer, but 
this development is a distinctly unusual finding in patients with 
Wilson disease. Genes responsible for both diseases have been 
identified, HFE for hemochromatosis, and ATPB7 for Wilson 
disease. A single mutation in HFE (cysteine 282 — ^ tyrosine, 
C282Y) accounts for most patients (>90%) with inherited iron 
overload, whereas there are more than 60 mutations identified in 
ATPB7, resulting in tremendous genetic and phenotypic vari- 
ability. This chapter highlights the major clinical, biochemical, 
histologic, and therapeutic aspects of hereditary hemochro- 
matosis and Wilson disease. 
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g HEREDITARY HEMOCHROMATOSIS 

History 



1996 

1985 

1975 

1965 

1955 

1945 

1935 

1925 

1915 

1905 

1895 

1885 

1875 

1865 



Feder et af. [8]: Identification of the hemochromatosis 
gene, HFE 

Edwards et af. [7]: Prevalence determined 

Niederau et ai [5]: Benefit of early diagnosis discovered 



Simon et at [6]: HLA linkage discovered 

Williams et af. [4]: Benefit of phlebotomy treatment 
determined 

MacDonald [3]: Nutritional etiology questioned 



Davis and Arrowsmith [2]: Liver biopsy phlebotomy 
first performed 



Sheldon [1]: 31 1 Cases reported 



von Recklinghausen [1]: Hemochromatosis \ermed 



Trousseau [1]: First case 



Figure 8-1. 



History of hemochromatosis. Trousseau was the first to describe a 
case of hemochromatosis in the French pathology literature in 
1865 [1]. In 1889, von Recklinghausen coined the term hemochro- 
matosis in the German literature, thinking that the condition was a 
blood disorder that caused pigmentation [1]. However, it was not 
until 1935 that Sir Joseph Sheldon, a British gerontologist, 
published a monograph describing all 311 cases of the disease that 
were reported in the world s literature to that point, including 
several from his own records [1]. He concluded that hemochro- 
matosis was an inborn error of iron metabolism and that all of the 
pathologic manifestations were caused by increased iron deposi- 
tion. Davis and Arrowsmith [2] performed the first liver biopsy on 
a patient with hemochromatosis and then treated the individual 
with aggressive phlebotomy. In the 1960s, a controversy developed 
when MacDonald [3] questioned the inherited nature of the 
disease, thinking instead that it was related to nutritional changes 
often associated with alcoholism. The benefits of phlebotomy were 
first shown by Williams et al [4] in 1969 and were later confirmed 
by Niederau et al [5] in 1985. The benefits of early diagnosis were 
also demonstrated in 1985 [5]. Simon et al [6] demonstrated that 
the gene for hemochromatosis was linked to the human leukocyte 
antigen (HLA) region on chromosome 6 in 1976. In a classic study 
screening 11,065 blood donors, Edwards et al [7] demonstrated 
the high prevalence of the disease (one in 220). In 1996, using a 
positional cloning approach, Feder et al [8] identified a candidate 
gene for hemochromatosis, initially called HLA-H and then 
renamed HFE. The product of this gene, HFE protein, is homolo- 
gous to major histocompatibility complex class 1 proteins. Based 
on recent structural, biochemical, and cell biological studies, trans- 
ferrin receptor (TfR) has been shown to be a ligand for HFE. This 
association directly links HFE protein to the TfR-mediated regula- 
tion of iron homeostasis [9]. Mechanisms whereby this association 
results in an increase in iron absorption are still being character- 
ized. Improved diagnosis, better family screening, and insights into 
pathophysiology have rapidly come about since the discovery of 
HFE [9]. 
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Table 8-1. 



TABLE 8-1 • IRON OVERLOAD CONDITIONS 



Hereditary hemochromatosis 
HfE-related 
C282y/C282y 
C282y/H63D 
Other HFE mutations 
Non-f/fE-related 

Juvenile hemochromatosis (HFE 2) 
Transferrin receptor-2 mutations (HFE 3) 
Ferroportin-1 mutations (HFE 4) 

African iron overload 
Secondar/ iron overload 
Iron-loadins anemias 
Parenteral iron overload 
Chronic liver disease 
Dysmetabolic iron overload syndrome 
Miscellaneous 
Neonatal iron overload 
Aceruloplasminemia 
Consenital atransferrinemia 



Classification of iron overload syndromes. Hereditary hemochro- 
matosis {HFE) is the term used to describe individuals who have 
inherited two alleles with the C282Y mutation. Patients with 
C282Y on one allele and H63D on the other are called compound 
heterozygotes. About 1% to 2% of compound heterozygotes have 
high degrees of iron loading, and some have intermediate degrees 
of iron loading [10]. Other non-HFE-related inherited disorders 
have been recently described [11]. African iron overload is now 
thought to be a non-HFF-linked inherited form of iron loading 
that has been identified in sub-Saharan Africans [12,13]. It is exac- 
erbated by the ingestion of beverages with a high iron content. 
Individuals who absorb excess amounts of iron as a result of some 
underlying cause other than the inherited defect have secondary 
iron overload. There are many causes for secondary iron overload. 
Parenteral iron overload is always iatrogenic and comes from the 
administration of either iron-dextran injections or multiple trans- 
fusions of erythrocytes. Neonatal iron overload is a rare syndrome 
in which modest iron deposition in the neonatal liver results in a 
fatal outcome without transplantation [14]. 



I PATHOPHYSIOLOGy 



TABLE 8-2. PATHOGENETIC MECHANISMS 



Genetic tactors 
HIA associations A3 (B7,B14) 

Gene location, chromosome 6; frequency 5% 

Autosomal recessive 
HFE mutation analysis for C282Y, H63D 
Pathophysiology 

HFE binds to transferrin receptor (TfR) and participates in 
regulation of iron absorption 

Inappropriate gastrointestinal iron absorption 
2-4 mg/d; 1000 mg/y 

Clinical evidence of toxicity at >20 g total body iron stores 



Table 8-2. 



Pathogenetic mechanisms. The genetic factors in hereditary 
hemochromatosis indicate that it is an autosomal recessive disorder 
with the gene located on the short arm of chromosome 6. The gene 
frequency is 5%, with the prevalence of homozygosity being approx- 
imately one in 250 and the heterozygote frequency being approxi- 
mately one in 10 individuals. The disease is seen predominantly in 
white patients of Northern European descent. Approximately 85% to 
90% of typical hemochromatosis patients are homozygous for 
C282Y. The inherited disorder results in an inappropriate gastroin- 
testinal absorption of iron; instead of the usual 1 to 2 mg/d, patients 
with hemochromatosis absorb 2 to 4 mg/d. 
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TABLE 8-3. Hf£ MUTATIONS IN HEREDITARY 
HEMOCHROMATOSIS 



Genotype 


PATtENTS/ N 

980 


Patients, % 


C282y/C282y 


843 


86 


C282y/H63D* 


33 


3.3 


C282y/wild type 


13 


1.3 


H63D/H63D 


8 


0.8 


H63D/wild type 


26 


2.6 


Wild type/wild type 


57 


5.8 



^Compound heterozysote 



Table 8-3. 



Hereditary hemochromatosis (HFE) mutations. Numerous studies 
have been performed worldwide in which HFE genotyping was 
performed on a series of patients with typical hemochromatosis. In 
nine series, totaling 980 patients, 86% were homozygous for C282Y. 



Duodenal crypt cell Villus enterocyte 




Figure 8-2. 



Pathophysiologic mechanisms. Dietary iron 
absorption occurs mainly in duodenal villus 
cells, and these cells become mature absorp- 
tive cells during migration from the crypts to 
the apex of the villus. The regulation of iron 
absorption is thought to occur at the level of 
the duodenal crypt cell that expresses 
proteins for both transferrin receptor- 1 (TfR- 
1) and hereditary hemochomatosis (HFE). 
Body iron stores are sensed by crypt cells 
through the action of the store regulator that 
may consist of circulating diferric transferrin 
and hepcidin. The HFE protein may act to 
facilitate the uptake of transferrin-bound 
iron by crypt cells. Ionic iron in the diet 
requires reduction from the ferric to the 
ferrous state prior to uptake by villus entero- 
cytes. This is performed by the ferric reduc- 
tase duodenal cytochrome B (Dcytb), 
located on the apical surface of duodenal 
enterocytes, and the ferrous iron is then 
transported into these cells via divalent 
metal transporter- 1 (DMT-1). Iron can be 
exported across the basolateral membrane of 
the cell via ferroportin-1, and during this 
process it is oxidized by hephaestin to the 
ferric state and binds to apotransferrin, 
forming diferric transferrin. Both TfR-1 and 
TfR-2 receptors may mediate the uptake of 
transferrin-bound iron by hepatocytes, while 
iron may be transported out of hepatocytes 
via ferroportin-1. Hepcidin, a peptide whose 
expression is induced by iron in hepatocytes, 
may function as a humoral factor, linking 
hepatocyte iron stores to the rate of iron 
absorption by the duodenum. Patients with 
HFE-related hereditary hemochromatosis 
have increased duodenal expression of the 
divalent metal transorter DMT-1 and ferro- 
portin-1 [11]. 
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Figure 8-3» 
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Clinical manifestations of hereditary hemochromatosis. The clin- 
ical manifestations of hereditary hemochromatosis are protean. 
The most common abnormalities are found in the liver, and the 
development of hepatocellular carcinoma is 100 times more 
common in patients with untreated hemochromatosis than in the 
general population. In the 1990s, it was distinctly unusual to iden- 
tify someone with the original triad of skin pigmentation, 
cirrhosis, and diabetes. With the advent of screening iron studies 
on routine chemistry panels, hemochromatosis is now often iden- 
tified in asymptomatic individuals. With increased awareness of 
the disease, the advent of screening iron studies on routine chem- 
istry panels, and increased family screening, hereditary hemochro- 
matosis is now often identified in asymptomatic individuals. 



■ CLINICAL FINDINGS 



TABLE 8-4. TYPICAL SYMPTOMS IN PATIENTS WITH 
HEREDITARY HEMOCHROMATOSIS 


Symptoms 


Occurrence, % 


Weakness, lethargy, fatigue 


40-85 


Apathy lack of interest 


40-85 


Abdominal pain 


30-60 


Weight loss 


30-60 


Arthralgias 


40-60 


Loss of tibido, impotence 


30-60 


Amenorrhea 


20-60 


Congestive heart failure symptoms 


0-10 



Table 8-4. 



Typical symptoms in patients with hereditary hemochromatosis. 
Despite the fact that many patients are now diagnosed before they 
develop symptoms, it is important to recognize the common char- 
acteristics that are exhibited in patients who are symptomatic, as 
listed in this table [15,16]. 



TABLE 8-5. COMMON PHYSICAL FINDINGS IN 
HEREDITARY HEMOCHROMATOSIS 


Findings 


Occurrence, % 


Hepatomesaly 


60-85 


Cirrhosis 


50-95 


Skin pismentation 


40-80 


Arthritis (second and third 
metacarpophalanseal joints) 


40-60 


Clinical diabetes 


10-60 


Splenomegaly 


10-10 


Loss of body hair 


10-30 


Testicular atrophy 


10-30 


Dilated cardiomyopathy 


0-30 



Table 8-5. 



Common physical findings in hereditary hemochromatosis. As 
more patients are identified before they develop symptoms, they 
may not have physical findings or they may be limited to the devel- 
opment of hepatomegaly. Nowadays, it is unusual to see someone 
with manifestations of end-stage liver or heart disease. 
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Figure 8-4. 



Gross specimen of cirrhosis of the liver. The most serious manifes- 
tation of hereditary hemochromatosis is the development of 
cirrhosis of the liver. This figure is an example of a cirrhotic liver 
taken at the time of transplantation. 



Figure 8-5* 



The hands of a 63-year-old woman with newly diagnosed heredi- 
tary hemochromatosis. The manifestations to be noted here are 
increased pigmentation and the typical arthropathy with joint 
swelling at the second and third metacarpophalangeal joints. 




Figure 8-6* 



Radiograph of a hand showing typical arthritis of hereditary 
hemochromatosis. Joint space narrowing and sclerotic changes can 
be seen in the second and third metacarpophalangeal joints. 



Figure 8-7. 



Shoulder radiograph showing the development of chondrocalci- 
nosis, or pseudogout. This is the other arthritic change seen in 
hereditary hemochromatosis. 
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I DIAGNOSIS 



TABLE 8-6. REPRESENTATIVE SERUM AND LIVER 
IRON MEASUREMENTS 





Normal 


Hereditary 

Hemochromatosis 


Serum 


Iron, pg/dL 


50-150 


18CL-300 


Transferrin, mg/dL 


250-370 


20(^300 


Transferrin saturation, % 


20-30 


80-100 


Ferritin, ng/mL 


Men 


20-300 


500-6000 


Women 


15-250 


500-6000 


Liver 


HIC 


300-1500 


3000-30,000 


Hll 


<1.0 


>1.9 


Genetic 


Genotyping for HFE mutations 


wtAvt 


C282y/C282Y 

C282V/H63D 




Figure 8-8- 



Serum ferritin versus mobilized body iron stores. In patients with 
uncomplicated hemochromatosis, the serum ferritin level directly 
relates to the total body iron burden. This concept is illustrated in 
this example, in which ferritin measurements were taken and 
plotted against total body iron burden, determined retrospectively 
by quantitative phlebotomy. In patients with necroinflammatory 
liver disease (eg, viral hepatitis, alcoholic liver disease, and nonal- 
coholic steatohepatitis), the serum ferritin level can be elevated as 
a result of release of tissue ferritin into the circulation. In this 
setting, serum ferritin levels are not representative of total body 
iron stores. (Adapted from Bassett etal [17].) 



Table 8-6. 



Representative serum and liver iron measurements. Once the clini- 
cian's suspicion is aroused by symptoms and physical findings 
discussed previously, iron studies should be obtained to determine 
whether any phenotypic expression of the disease exists. Often, an 
asymptomatic patient will present for further evaluation of 
abnormal iron studies. Increased transferrin saturation is the most 
specific abnormality, and a combination of increased transferrin 
saturation and increased ferritin is both highly specific and highly 
sensitive. The serum iron concentration is subject to a diurnal vari- 
ation and is also increased following meals; therefore, iron studies 
are best obtained in the morning when patients are fasting. All 
patients with either an elevated transferrin saturation or an 
elevated ferritin should be further evaluated for hemochromatosis 
(HFE) [7] by mutation analysis. If they are C282Y/C282Y, the diag- 
nosis is established. If liver enzymes are normal, the ferritin level is 
less than 1000 ng/mL, and the age of the patient is less than 50 
years, liver biopsy is unnecessary. 




Figure 8-9. 



A liver biopsy specimen from a patient with hereditary hemochro- 
matosis shown at low power. In the past, liver biopsy has been 
essential in establishing the diagnosis of hemochromatosis (HFE). 
Liver biopsy interpretation is still important. HFE gene mutation 
analysis has often replaced the need for biopsy in many patients. 
Histochemical staining with Peris' Prussian blue reagent stains 
storage iron blue against the counterstain, which is red. Shown 
here is a liver biopsy specimen from a 34-year-old man with newly 
diagnosed hereditary hemochromatosis. At low power, the iron 
deposition is seen predominantly in a periportal distribution. With 
the availability of genetic testing, the need for liver biopsy to diag- 
nosis hereditary hemochromatosis has decreased. Recent studies 
have shown that patients who are C282Y homozygotes (with 
abnormal blood studies of hereditary hemochromatosis) and who 
are younger than 40 years of age (with normal liver enzymes) may 
not need to have a liver biopsy performed, since fibrosis-cirrhosis 
will not be present [10]. 
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Figure 8 - 10 . 



A liver biopsy specimen shown at high power. At higher power, it is 
apparent that all iron deposition is in hepatocytes, with little or 
none in reticuloendothelial cells (Kupffer cells). The hepatic iron 
concentration from this biopsy was 17,350 pg/g dry weight. 




Figure 8 - 12 * 



A liver biopsy specimen at high power. This figure shows that with 
a higher iron concentration (same specimen as in Fig. 8-11) most 
of the iron deposition is still in hepatocytes. 




Figure 8 - 11 . 



A liver biopsy specimen from a patient with hereditary hemochro- 
matosis at low power. This figure demonstrates a Peris' Prussian 
blue stain of a liver biopsy specimen taken from a 60-year-old man 
with hereditary hemochromatosis. The hepatic iron concentration is 
41,040 pg/g dry weight. 




Figure 8 - 13 . 



A liver biopsy specimen of cirrhosis. When untreated, hemochro- 
matosis can progress to the development of micronodular 
cirrhosis. This Masson trichrome stain at low power demonstrates 
broad, fibrous bands in this explant liver from a patient who had 
successful liver transplantation for hemochromatosis. 
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Figure 8-14. 



A heart with Peris' stain. Iron deposition in the heart shown in a 
patient who was not known to have hemochromatosis before 
death. Iron deposition was found in subendocardial myocytes. 



Figure 8-15* 



A pancreas with Peris' stain. In the same patient whose heart is 
shown in Figure 8-14, the pancreas was also heavily iron loaded, as 
demonstrated on this Peris' stain of a section from the pancreas. 
Iron deposition is predominantly found in acinar cells. 




Figure 8-16. 



Computed tomographic scan to detect iron-loaded liver. A nonin- 
vasive means of detecting hepatic iron deposition has been sought 
for many years. Hepatic density measured on computed tomo- 
graphic scanning can be helpful in heavily iron-loaded individuals, 
where the image of the iron-loaded liver has the same (or greater) 
density of bone, as shown here. Unfortunately, the reliability of 
this method is poor, especially in mild-to-moderate iron overload. 



Figure 8-17* 



Magnetic resonance imaging scan for hepatic iron deposition. 
Magnetic resonance imaging can be used to identify a markedly 
iron-loaded liver in patients with hemochromatosis. Again, 
magnetic resonance imaging is useful only in heavily iron-loaded 
patients and does not replace performance of percutaneous liver 
biopsy for histochemical staining and biochemical determination 
of hepatic iron concentration. 
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I TREATMENT AND PROGNOSIS 



TABLE 8-7. TREATMENT OF HEREDITARY 
HEMOCHROMATOSIS 



1-U Phlebotomy = 250 ms iron 
Weekly phlebotomy until hematocrit i 
Ferritin < 50 ns/mL; transferrin saturation < 50% 



Table 8-7. 



Treatment of hereditary hemochromatosis. After the diagnosis of 
hereditary hemochromatosis has been fully established by genetic 
testing or liver biopsy with determination of hepatic iron concen- 
tration, therapy should be initiated. Treatment is with weekly or 
biweekly phlebotomy of 1 U of whole blood (500 mL). Regular, 
aggressive phlebotomy should be continued until the ferritin level 
is less than 50 ng/mL and the transferrin saturation is less than 
50%. Periodic measurement of ferritin and transferrin saturation is 
useful in predicting the return to normal iron stores. Each unit of 
blood contains approximately 250 mg of iron; thus, after a phle- 
botomy program is completed, a retrospective determination of 
the total body iron burden can be made. Maintenance phlebotomy 
requirements should be individualized, but they usually consist of 
a 1-U phlebotomy every 2 to 4 months. 




Figure 8-18. 



Iron studies with phlebotomy therapy. Typically, with cumulative 
phlebotomies, the ferritin level decreases gradually, but the trans- 
ferrin saturation does not drop until patients become either 
normal or almost iron deficient. 



Figure 8-19. 



Hereditary hemochromatosis survival rates. In a large German 
study, Niederau et al [5] showed that the cumulative survival rate 
for patients with hereditary hemochromatosis was less than that of 
an age- and gender-matched German population. {Adapted from 
Niederau etal [5].) 
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Figure 8-20. 



Hereditary hemochromatosis: survival with cirrhosis. When 
Niederau d al [5] looked at the presence or absence of cirrhosis as 
related to cumulative survival rates, it was determined that 
decreased survival was related to cirrhosis. [Adapted from Niederau 
etal [5].) 
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Figure 8-21. 
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Survival in hereditary hemochromatosis versus iron removal. 
When the total amount of excess iron could be removed within 18 
months (indicating less severe iron overload), the survival was 
equivalent to the control population. However, when the iron 
burden was such that the excess iron could not be removed within 
18 months of phlebotomy therapy, survival was decreased. These 
heavily iron-loaded patients also presented with cirrhosis and 
diabetes. {Adapted from Niederau etal [5].) 



Family Scregning 



TABLE 8-8. FAMILY SCREENING FOR HEMOCHROMATOSIS 


Sibling of proband 


Offspring of proband* 


Parents of proband and other 

RELATIVES 


Measure fastins serum transferrin saturation 
and ferritin concentration 


Measure fasting serum transferrin saturation 
and ferritin concentration 


Measure fasting serum transferrin saturation 
and ferritin concentration 


Perform senetic testing for C282Y and H63D 
mutations 


Perform genetic testing for C282Y and H63D 
mutations 


Perform genetic testing for C282Y and H63D 
mutations 


Proceed to therapeutic phlebotomy when 
iron studies are abnormal and sibling is 
C282Y homozygote, yonger than age 40 

Consider liver biopsy for histology and 
determination of hepatic iron 
concentration when iron studies are 
abnormal, sibling is C282Y homozygote, 
and liver enzymes are elevated or 
individual is older than age 40 


Alternatively test spouse of proband to 
determine likelihood of offspring genotype 

Consider liver biopsy depending on above 
test results 


Consider liver biopsy for histology and 
determination of hepatic iron 
concentration depending on above test 
results 


*Obli 3 dte heterozysote 



Table 8-8. 



Family screening for hemochromatosis. After therapy is initiated 
for the proband, it should be remembered that hemochromatosis 
is an inherited disease and screening should be performed on all 
first-degree relatives. Screening studies should include 



measuring serum iron, transferrin saturation, and ferritin levels 
along with HFE mutation analysis. If the family member is 
C282Y/C282Y, then liver biopsy is probably not needed. 
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TABLE 8-9. POPULATION SCREENING FOR HEMOCHROMATOSIS: PREVALENCE OF C282Y HOMOZYGOTES 
WITHOUT IRON OVERLOAD IN SCREENING STUDIES 



Population Sample 


Country 


N 


Prevalence of 
Homozvgotes 


C 282 Y Homozygotes 
WITH a Normal FerritiNi 
% 


Electoral roll 


New Zealand 


1064 


1 in 213 


40 


Primary care 


USA 


1653 


1 in 276 


50 


Epidemiotosic survey 


Australia 


3011 


1 in 188 


25 


Blood donors 


Canada 


4211 


1 in 327 


81 


General public 


USA 


41038 


1 in 270 


33 



Table 8-9. 



Population screening for hemochromatosis. Numerous large- 
scale population studies from around the world have shown that 
the prevalence of C282Y homozygosity without iron overload 



ranges from one in 188 to one in 327. About 50% of patients 
identified in population studies are nonexpressing [ie, have a 
normal ferritin level). 



I WILSON DISEASE 

History 



1990 

1980 



^ — Petrukhin ef a/. [23]: Gene cloned 

E — Frydman et al. [22|: Gene on chromosome 13 
E discovered 



1970 




Frommer [21]: Decreased biliary excretion of copper 
discovered 



1960 

1950 



— — Walshe [20|: d-Penicillamine used 
Ej-Scheinberg and Gitlin [19]: Ceruloplasmin deficiency 
= associated 



1940 -E 



1930-E 



1920 -^ 

1912-p — Wilson [18]: Description of “progressive lenticular 
degeneration" made 



Figure 8-22. 



History of Wilson disease. The first description of Wilson disease 
was published in 1912 as a case of "progressive lenticular degenera- 
tion" by the British neurologist Kinnear Wilson [18]. Occasional 
descriptions of the disease appeared over the years, but it was not 
until 1952 that Scheinberg and Gitlin [19] demonstrated a defi- 
ciency in ceruloplasmin in patients with Wilson disease. Shortly 
after, in 1956, Walshe [20] demonstrated the beneficial effects of 
the copper-chelating drug, d-penicillamine. In 1974, Frommer [21] 
provided evidence of decreased biliary excretion of copper, and in 
1985 Frydman et al. [22], using linkage studies, demonstrated that 
the gene was on chromosome 13. Finally, Petrukhin et al. [23] 
cloned the gene and went on to demonstrate that the gene encodes 
a membrane-spanning protein that contains copper-binding 
regions and P-type ATPase motifs with similarity to other heavy 
metal transport proteins. It is suggested that the transport protein 
inhibits the entry of copper into biliary excretory pathways either 
by reducing copper flux across lysosomal membranes or by acting 
directly at the bile canaliculus. More than 60 mutations have been 
identified in the Wilson disease gene [24]. 



200 



Atlas of the Liver 









PatliQpJiy5j.oiQSy 



Table 8-10 



TABLE 8-10. WILSON DISEASE PATHOPHySIOLOGY 



Chromosome 13 
Copper transport protein 
Membrane -spanning p-type ATPase protein 
Decreased hepatic excretion of copper into bile 



Pathophysiology of Wilson disease. The gene has been specifically 
localized to chromosome 13 and has been found to code for a 
copper transport protein with homology to the abnormal gene 
responsible for Menkes' syndrome. The abnormal gene results in 
decreased hepatic excretion of copper into bile either because of a 
defect at the lysosomal membrane or because of a defect in trans- 
porting copper across the cell membrane into bile. 



Ciinlcai FeaturiS& 




Neuropsychiatric 

disorders 



Kayser- Fleischer rings 



Cardiomyopathy 



Liver disease 
Steatosis 
Chronic hepatitis 
Cirrhosis 
Fulminant hepatic failure 



Hemolysis 



Osteopenia 



Renal disease 
Fanconi's syndrome 




Figure 8-24. 



Kayser-Fleischer rings. This young man has classic Kayser-Fleischer 
rings, identified as the golden-brown pigment deposits in 
Descemef s membrane in the periphery of the iris. These rings can 
be seen with the naked eye, but occasionally, a slit-lamp examina- 
tion is necessary to identify them. Another unusual ophthalmo- 
logic manifestation of Wilson disease is sunflower cataracts. 



Figure 8-23. 



Clinical manifestations of Wilson disease. Included among the 
numerous clinical manifestations of Wilson disease are Kayser- 
Fleischer rings. Many psychiatric symptoms and disorders are 
typical of Wilson disease. Rarely, cardiomyopathy ensues. All 
patients with Wilson disease have hepatic involvement that can 
range from fairly mild steatosis to the insidious development of 
cirrhosis or the often fatal fulminant hepatic failure. The renal 
disease that occurs in Wilson disease is comparable with that seen 
in Fanconi's syndrome. Hemolysis is caused by copper toxicity; 
many patients have significant osteopenia [18,25,26]. 
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TABLE 8-11. NEUROLOGIC PRESENTATION OF 
WILSON DISEASE 



Personality disturbances 

Tremor 

Dystonia 

Choreic movements 
Hypokinesis, drooling 



Table 8-11. 



Neurologic presentation of Wilson disease. Several characteristic 
neurologic findings in Wilson disease are manifested only after 
someone has presented with cirrhosis, and so the presence of these 
neurologic abnormalities with liver disease should prompt the 
physician to consider a diagnosis of Wilson disease. Subtle person- 
ality changes are often difficult to identify in adolescents and 
young adults. Tremor, dystonic, and choreic movements are more 
profound manifestations and should lead to a quick evaluation. 




Figure 8-25* 



Hepatic steatosis. This liver biopsy specimen shows macro- and 
microvesicular steatosis that can be seen in Wilson disease. These 
are early manifestations, and patients are more likely to present 
with cirrhosis. 



TABLE 8-12, HEPATIC PRESENTATION OF 
WILSON DISEASE 



Steatosis 
Chronic hepatitis 
Cirrhosis 

Fulminant hepatic failure 



Table 8-12. 



Hepatic presentation of Wilson disease. Most patients with sympto- 
matic Wilson disease present with cirrhosis that has developed 
insidiously. All young individuals who present with abnormal liver 
enzymes and either have chronic hepatitis or hepatic steatosis 
should have a serum ceruloplasmin level measured to screen for 
Wilson disease. Rarely, patients present with fulminant hepatic 
failure; this presentation is uniformly fatal without transplantation. 




Figure 8-26, 



This figure shows chronic active hepatitis with piecemeal necrosis 
and parenchymal inflammation. Some studies have suggested that 
as many as 25% of young individuals with nonviral chronic hepa- 
titis have Wilson disease. 



Diagnosis 



TABLE 8-13. INDICATIONS FORTESTING IN 

DIAGNOSIS OF WILSON DISEASE 



Liver disease in children and young adults 

Neurologic disease in adolescents and young adults 

Hemolysis with liver disease 

Presence of Fanconi's syndrome 

Presence of hypouricemia 

Kayser-Fleischer rings discovered 

Siblings of affected patient 



Table 8-13. 



Indications for testing in diagnosis of Wilson disease. Because 
Wilson disease is relatively rare (one in 30,000 individuals), a high 
index of suspicion is necessary to make the diagnosis. Therefore, 
diagnosis should be considered in all children, adolescents, and 
young adults who have either liver disease or neurologic disease. In 
patients with liver disease complicated by hemolysis or Fanconi's 
syndrome, Wilson disease should also be considered. Finally, 
hypouricemia can be a clue to Wilson disease. All siblings of 
affected patients should be tested [18,25,26]. 
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TABLE 8-15. CHARACTERISTIC LABORATORY 
FEATURES OF WILSON DISEASE 



TABLE 8-14. DIAGNOSIS OF WILSON DISEASE 



Serum ceruloplasmin 
Urinary copper 
Hepatic copper 
Hepatic histolosy 
Glucosuria, hemolysis 



Table 8 - 14 . 



Diagnosis of Wilson disease. Once clinical suspicion is raised, a 
serum ceruloplasmin level should be obtained. It must be remem- 
bered that approximately 15% of patients with Wilson disease 
have ceruloplasmin levels within the lower limit of normal. 
Twenty-four-hour urine collections for copper should be exam- 
ined next, and if urinary copper levels are elevated, a liver biopsy 
should be performed for routine histology, histochemical stains for 
copper, and hepatic copper determination. Unfortunately, genetic 
testing for Wilson disease has not become routinely available. A 
practical limitation is the large number of mutations present, with 
patients having various combinations of mutations. 




Figure 8 - 27 . 



A rhodanine stain of a liver biopsy for diagnosis of Wilson 
disease. Several histochemical stains for copper can be used to 
help identify Wilson disease. This figure presents an example of a 
test that stains the copper-associated protein a golden-brown 
against the blue counterstain. 



Normal Wilson disease 



Serum copper, pg/dL 


80-140 


<80 


Urine copper, pg/24 h 


<40 


>100 


Serum ceruloplasmin, mg/di 


20-40 


<20 


Hepatic copper concentration, 


15-50 


250-3000 



pg/S dry weight 



Table 8 - 15 . 



Characteristic laboratory features of Wilson disease. Serum copper 
levels are typically depressed, but this feature is not a highly sensi- 
tive and specific laboratory finding. Twenty-four-hour urine copper 
excretion is the best confirmatory test, along with hepatic copper 
concentration as determined by liver biopsy. Serum ceruloplasmin 
levels are depressed in the majority of patients with Wilson disease 
but can be depressed in severe malabsorption and malnutrition. 



TABLE 8-16. HEPATIC COPPER LEVELS IN WILSON 
DISEASE AND OTHER CHOLESTATIC 
LIVER DISEASES 




Mean hepatic copper 




CONCENTRATION, 


Disease 


fJ . 3/3 DRY WEIGHT 


Wilson disease 


730 


Primary biliary cirrhosis 


410 


Primary sclerosins cholangitis 


245 


Extrahepatic biliary obstruction 


130 


Indian childhood cirrhosis 


1830 


Alcoholic and cryptogenic 


40 


cirrhosis 




Normals 


30 



Table 8 - 16 . 



Hepatic copper levels in Wilson disease and other cholestatic liver 
diseases. Hepatic copper concentration can be increased in other 
cholestatic liver diseases. The highest levels are seen in Indian 
childhood cirrhosis, but increased levels can be found in primary 
sclerosing cholangitis and primary biliary cirrhosis. The clinical 
settings and other supporting biochemical, clinical, and histologic 
features allow for easy distinction from Wilson disease. {Adapted 
/rom Vierling [27].) 
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Treatment 



TABLE 8-1 7. TREATMENT OF WILSON DISEASE 



d-Penicillamine 

Trientine 

Zinc supplementation 
Ammonium tetrathiomolybdate 
Family screenins 
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Treatment of Wilson disease. Therapy for Wilson disease usually 
consists of d-penicillamine [23]. If patients are intolerant to d- 
penicillamine or develop side effects, treatment with trientine, 
another copper-chelating agent, can be given [28]. Some authors 
advocate the use of zinc supplementation, which interferes with 
copper absorption in the gastrointestinal tract and induces metal- 
lothionein to increase binding of copper to detoxify the copper 
[29]. Ammonium tetrathiomolybdate is an experimental agent that 
is being tested for treatment of Wilson disease. As with hemochro- 
matosis, it must be remembered that Wilson disease is an inherited 
disorder; thus, family screening is exceptionally important. All 
first-degree relatives should be screened with serum ceruloplasmin 
levels, clinical history, and physical examination. 
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Alcohol-induced Liver Disease 



Alcohol and alcoholism continue to cause significant and 
persistent strain on the medical, social and economic resources 
of the western world. Between 66% and 75% of all Americans 
drink alcohol |l -4]. Statistics show that up to 15 million people 
in the United States meet the defined criteria for alcohol abuse 
or dependence [1,3|. Although only 10% to 20% of alcoholics 
develop cirrhosis, this amounts to over 2 million Americans 
with clinically severe alcoholic liver disease (ALD) [2,3,5 1. - 
Current thinking suggests that the development of liver 
disease, although a function of the quantity of alcohol 
ingested, also depends on host factors and comorbid condi- 
tions. Despite significant advances in the understanding of the 
pathogenesis of ALD, only a few therapies have shown benefit, 
and those few, in the minority of cases. Abstinence is the main 
mode of therapy and has the largest impact in limiting 
progression of the liver disease as well as improving survival. 
Other therapeutic modalities include correction of malnutri- 
tion, identification and early treatment of infectious complica- 
tions as well as therapies directed at pathogenic events in the 
short term and liver transplantation in the long term. 



Kymberly D.S. Watt 
Michael F. Sorrell 







I EPIDEMIOLOGY 



abstinence [7]. Anorexia, malaise, fever, 
jaundice, and hepatomegaly characterize 
the classic syndrome of alcoholic hepatitis, 
which occur in 10% to 35% of heavy 
drinkers [3,6]. Severe alcoholic hepatitis 
portends a very poor prognosis, whereas 
patients with mild to moderate hepatitis 
can improve with abstinence. Those who 
do not abstain frequently go on to develop 
cirrhosis. Fifty percent of the patients with a 
clinical diagnosis of alcoholic hepatitis 
already have cirrhosis on biopsy [8]. 
Although ALD usually progresses from 
steatosis to alcoholic hepatitis to cirrhosis, 
the hepatitis stage may be bypassed. With 
Natural history of alcoholic liver disease (ALD). ALD can range from asymptomatic fatty continued alcohol use, up to 20% of 

liver (steatosis) to end-stage liver disease with portal hypertension [6]. Steatosis is the patients with alcoholic fatty liver have 

earliest and most common histopathologic manifestation of ALD. Steatosis occurs in most evidence of cirrhosis at 10 years [9]. 
persons consuming alcohol in excess of 60 g/d and can resolve within 2 to 4 weeks of 




Figure 9-1. 




Figure 9-2. 



Risk factors for alcoholic liver disease (ALD). The quantity and 
duration of alcohol intake is the most important risk factor for the 
development of liver injury ( 5 ^^ Table 9-1) [10]. This is supported 
by evidence of decreased prevalence and mortality of ALD during 
prohibition or other periods of reduced alcohol intake [1,3]. 
Additional evidence supports the role of gender and underlying 
viral hepatitis in the progression of ALD to cirrhosis (see Table 9-1 
and Fig. 9-4) [11-14]. Genetic factors such as abnormalities in 
alcohol dehydrogenase (ADH) isoforms, acetaldehyde dehydroge- 
nase (ALDH) isoenzymes, cytochrome P450-2E1, or cytokine 
production or activity have been identified, but require confirma- 
tion and better understanding [3,15-17]. Obesity, a diet high in 
unsaturated fats, and the deposition of excess iron in the liver of 
patients with ALD are possible cofactors as well [11,18-20]. 



Table 9-1. 



TABLE 9-1 . 


DOSE EFFECT AND GENDER DIFFERENCES 




Dose effect and gender differences. Women 


Alcohol Intake, 

UNiTS/w Women 




Men 




are at a substantially higher risk of devel- 
oping alcoholic liver disease (ALD) at lower 
thresholds of alcohol intake [12-14]. The 
most recent data suggest that more than 7 
units of alcohol per week significantly 
increases a woman's risk of ALD and 




ALD 


Cirrhosis 


ALD 


Cirrhosis 


<7 


1.0 


1.0 


1.0 


1,0 


cirrhosis, whereas men may consume up to 


7-13 

i A OT 


2.9* 


4.1* 


0.9 


1,1 


28 units per week before an increase in risk 




is appreciated [12]. (One unit is equivalent 


14“27 


2.9* 


3.1* 


1.4 


16 


to 10 to 12 g of alcohol, 12 oz of beer, 4 oz 


28-41 


7.3* 


16.8* 


3.8* 


7,0* 


of wine, or loz of spirits.) (Adapted from 


42-69 


N/A 


N/A 


5.9* 


13,0* 


Becker etal [12].) 


70+ 


N/A 


N/A 


9,1* 


18,1 





sisn/ficant 
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FtGURE 9-3. 



Hepatitis C virus (HCV) and alcoholic liver disease (ALD). HCV 
prevalence in the ALD population is seven times higher than the 



90 




B Decade 



general population. Studies have reported that 8% to 40% of alco- 
holics and 30% to 45% of patients with ALD are infected with 
HCV [21-30]. Alcoholics have higher levels of viremia than the 
general HCV population [21,25]. Interferon is not as effective in 
alcohol abusers [21,22]. The relative risk of developing cirrhosis in 
alcoholic patients with HCV is 8.7 versus that of HCV alone 
[3,21,22]. A, The combination of hepatitis C and alcohol leads to 
more rapid progression of liver disease than either entity alone 
(pooled results from Wiley [23] and Poynard [24]). B, Significantly 
more patients with HCV and alcohol abuse develop cirrhosis over 
time when compared to HCV alone [9,23,24,32] (graph extrapo- 
lated from Wiley [23]) C, Patients with alcoholic cirrhosis and 
HCV have a significantly increased risk of hepatocellular carcinoma 
(HCC) compared with either entity alone (50% to 80% vs 15% to 
20% at 10 years) [33-35] (graph of 5-year cumulative rate of 
HCC). A recent study showed the relative risk for HCC to be 4.6 
for alcoholic cirrhosis, 23.2 for HCV, and 64.7 for both combined, 
suggesting synergism more than an additive effect [34]. 




Figure 9-4. 



Major components of pathogenesis. Alcoholic liver disease (ALD) reflects a pathologic process 
involving all liver cellular elements, including hepatocytes, Kupfifer cells (macrophages), 
endothelial cells, bile duct epithelial cells, stellate cells, and natural killer cells [7]. Several 
overlapping mechanisms have been proposed. Primary mechanistic factors include acetalde- 
hyde toxicity, oxidative stress, immunologic response (IM), perivenular hypoxia, altered 
methionine metabolism (AMM), and mitochondrial dysfunction (MD). Secondary risk 
factors (eg, iron, unsaturated fats, hepatic vimses) interact and frequently accentuate the effects 
of these components [3,36-39]. 
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I PATHOPHYSIOLOGY 



Figure 9-5. 



Acetaldehyde 




Metabolism of alcohol. Once alcohol is absorbed from the 
gastrointestinal tract, over 90% is oxidized in the liver. The amount 
of alcohol available for hepatic oxidation is affected by several 
factors including gastric oxidation, gastric emptying, volume of 
distribution, and hepatic extraction from portal blood. Three 
major oxidation pathways exist. Most oxidation proceeds through 
the cytosolic alcoholic dehydrogenase pathway and the micro- 
somal enzyme oxidizing system (MEOS) located in the endo- 
plasmic reticulum. The catalase pathway, located in the peroxi- 
somes, is a minor pathway. All three pathways result in the 
production of acetaldehyde. Usually, this highly toxic metabolite is 
rapidly metabolized to acetate by aldehyde dehydrogenase. 

Chronic alcohol consumption causes a five- to 10-fold increase in 
MEOS activity and a reduction in aldehyde dehydrogenase activity, 
resulting in increased levels of acetaldehyde. Chronic alcohol use 
also results in a redox shift, with increased NADH to NAD+ ratio, 
increased lactate, and oxygen free radical production [32]. 




Figure 9-6* 



Oxidative stress. Metabolism of acetaldehyde produces reactive oxygen species (ROS) and 
free radicals. A redox shift occurs with a high NADH to NAD'*' ratio. Inhibition of fatty acid 
oxidation and stimulation of fatty acid synthesis results in fat accumulation, which is 
perpetuated by oxidative stress. Alcohol itself, as well as acetaldehyde and a malnourished 



state, deplete the antioxidant reserve. The 
combination of increased ROS and depleted 
antioxidant reserves induces lipid peroxida- 
tion. Acetaldehyde and lipid peroxidation 
aldehydic products incite both humoral and 
cellular immune responses via protein 
adduct formation. Endotoxins, derived from 
the gut with alcohol exposure, stimulate 
endotoxin receptors on Kupffer cells to 
release cytokines and chemokines that 
promote stellate cell activation. Induction of 
the centrilobular predominant enzymes, 
ADH and CYP2E1, to metabolize alcohol 
creates a perivenular hypoxic state, which 
can further reduce antioxidant availability. 
This hypoxic state is aggravated by cytokine 
stimulation and endotoxemia. There is 
considerable interplay between these factors 
and the stimulation of proinflammatory 
and cytotoxic cytokines. Cytokines, tumor 
necrosis factor-a in particular, and immuno- 
logic components are thought to be integral 
in the perpetuation of liver injury and 
increased fibrogenesis [36-39,42]. 
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Altered methionine metabolism and mitochondrial function. In the hepatoc)^e, methio- 
nine is converted to S-adenosylmethionine (SAM) via methionine adenosyltransferase 
(MAT). SAM is converted to homocysteine and then cysteine, the rate-limiting precursor to 
glutathione (GSH) production. Alcohol causes decreased MAT activity resulting in 



decreased SAM and GSH levels. Significant 
consequences include altered gene expres- 
sion, DNA instability, altered phospholipid 
composition, membrane fluidity, and 
impaired oxidant defenses. Homocysteine is 
metabolized to cysteine or back to methio- 
nine via three different pathways requiring 
the cofactors of folate, vitamins Bg, 8^2' 
and betaine, a metabolite of choline. 
Impairment in these pathways, by alcohol, 
leads to hyperhomocysteinemia, which can 
induce metalloproteinases and collagen 
gene expression in the stellate cell as well as 
altering the SAM mediated transmethylation 
reactions. Alcohol also impairs transport of 
GSH into mitochondria, possibly secondary 
to mitochondrial membrane composition 
defects due to SAM deficiency. The result is 
increased cellular sensitivity to oxidative 
stress, and decreased cellular ATP produc- 
tion. These pathways ultimately lead to 
cellular necrosis and apoptosis [37,38]. 



Inflammation 
Lipid peroxides 
Cell necrosis? 
Adducts? 



Lipocyte 
(Itocell) Kupffercell 

factors 






Figure 9-8* 



Alcohol and fibrogenesis. Activation of the hepatic stellate cell (HSG) appears to be the 
primary faHor in fibrogenesis [40]. This activation can be accomplished by numerous mech- 
anisms. Gytokines, in particular tumor necrosis factor (TNF)-a, interleukin (IL)-l, lL-6, 
platelet-derived growth faaor (PDGF), transforming growth factor (TGF)-P and NFkB, are 



produced and released by various cellular 
elements [36-38,40,42]. The main sources 
include the Kupffer cells and leukocytes. 
NFkB activates the HSG, PDGF stimulates 
division of the HSG, and TGF-(3 + lL-1 stim- 
ulate collagen production. There may be 
defective regulation of cytokine expression 
in Kupffer cells resulting in increased NFkB, 
TNF-a, and lL-6. T-cell activation by alcohol 
may also be a significant source of TNF-a. 
Acetaldehyde and lipid peroxidation- 
derived malondialdehyde react together with 
proteins in a synergistic manner to form 
distinct hybrid adducts (MAA adducts) [41]. 
These adducts, other lipid peroxidation 
byproducts, oxidative stress, and homocys- 
teine may play a role in modulation of the 
inflammatory and fibrogenic responses of 
the HSG. A continuous self-perpetuating 
cycle is established that leads to more severe 
fibrosis and cirrhosis [39-41]. 




Figure 9-9. 



Alcohol and drug metabolism. In patients who do not drink 
alcohol chronically, concomitant ingestion of a drug that is metab- 
olized by the microsomal enzyme oxidizing system (MEOS) results 
in increased blood levels. However, chronic alcohol consumption 
results in MEOS induction and decreased drug blood levels. These 
mechanisms explain the apparent paradox of increased susceptibility 
of a person to drugs (such as sedatives) when acutely intoxicated 
and increased resistance in chronic alcoholics. Gommon classes of 
xenobiotics whose metabolism is impacted by chronic ethanol 
ingestion include sedatives, oral hypoglycemic agents, anticoagulants, 
and vitamins [3,32,39]. 
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Figure 9-10* 




Alcohol and acetaminophen. Chronic alcohol ingestion induces 
microsomal enzyme oxidizing system (MEOS) activity and depletes 
glutathione stores. Ingestion of even therapeutic doses of aceta- 
minophen (< 4 g/d) can result in toxic levels of reactive metabolites 
that overwhelm the liver's ability to detoxify them through the 
glutathione pathway [42,43,44]. When a known alcoholic presents 
with jaundice, history of acetaminophen intake must be docu- 
mented. Key laboratory markers of this clinical situation include 
aspartate transaminase (AST) levels greater than 3000 lU and a 
highly prolonged prothrombin time. 



TABLE 9-2. CLINICAL MANIFESTATIONS OF ALCOHOL ABUSE 



Hepatic 

Synthetic function: ascites, coagulopathy, hepatomegaly, jaundice 
Architecture: portal hypertension, ascites, regenerating nodules 
Detoxification: encephalopathy, drug toxicity, feminization 

Extrahepatic 

Gastrointestinal: varices, diarrhea, mucosal inflammation, hemorrhage, malabsorption, 
peptic ulcers, increased risk of malignancies 

Neurologic: neuropathies, Wemicke's-Korsakoffs syndrome, depression 
Hematologic: thrombocytopenia, leukopenia, hemolytic anemia 
Pancreaticobniary: pancreatitis, pancreatic insufficiency, cholelithiasis 
Endocrine: gynecomastia, hypogonadism, infertility, loss of libido, spider nevi, palmar 
erythema, Dupuytren's contractures 

Cardiovascular: dilated cardiomyopathy, arrhythmias, hypertension 
Dermatologic: spider nevi, palmar erythema, Jaundice, caput medusae 



Table 9-2. 



Clinical manifestations of alcohol abuse. 
Clinical manifestations of alcoholic liver 
disease are the result of damage to the 
liver and several other organs. Because 
manifestations are protean, diagnosis 
requires identifying alcohol abuse and 
ruling out other liver diseases with similar 
clinical and biochemical presentations. 



TABLE 9-3. LABORATORY TEST ABNORMALITIES 


Liver enzymes 


Hepatic function panel 


AST > ALT; AST usually > 2 x ALT, both 


(with severe disease) 


values usually < 300 lU/dL 


Albumin decreased 


GGT increased 


Bilirubin usually increased 


Alkaline phosphatase increased 


Prothrombin time usually prolonsed 


Complete blood count 


Metabolic panel 


Leukocytosis 


Hypertrislyceridemia 


Miid anemia, raised MCV 


Hyperuricemia 


Thrombocytopenia 


Hyperglycemia 
Hypokalemia 
Hypomagnesemia 
Hypophosphatem ia 



Table 9-3. 



Laboratory test abnormalities. No individual 
test has been discovered that is specific for 
alcoholic liver disease or alcohol consump- 
tion. The laboratory test abnormalities 
mentioned above are useful adjuncts to the 
clinical presentation. The disparity in the 
transaminases is related to confounding effect 
of pyridoxal phosphate (vitamin B^) as 
opposed to a tmly lower alanine trans- 
aminase (ALT) level [44]. Both ALT and pyri- 
doxal phosphate are required to catalyze the 
test reaction used in the semm ALT assay. 
Semm from alcoholics is likely to be deficient 
in this cofactor and this leads to a falsely low 
ALT. The degree of hepatic function abnor- 
malities is determined by the extent of liver 
injury. Carbohydrate-deficient transferrin 
(measured as a percentage of total semm 
transferrin) has been suggested as a saeening 
test for alcohol consumption due to its high 
specificity. However, its sensitivity is impacted 
by the quantity of alcohol ingested daily [13]. 
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I PRESENTATION 




Figure 9 - 11 * 



Steatosis (fatty liver). Microvesicular steatosis (accumulation of 
small lipid droplets) begins within the perivenular hepatocytes due 
to factors such as hypoxia, decreased fatty oxidation, altered redox 
state, and impaired lipid secretion. Chronic alcohol use leads to 
development of macrovesicular steatosis. Extension of steatosis in 
to the centrilobular area occurs in severe cases. The most common 
ultrastructural finding is giant mitochondria. Steatosis is not specific 
and can be seen in association with diabetes, obesity, total parenteral 
nutrition, and certain drugs [46]. Original magnification 40 X. 




Figure 9 - 12 . 



Steatohepatitis. A,Steatohepatitis is manifested by the combination 
of steatosis with one of two morphologic features: ballooning 
degeneration or hepatocyte necrosis. Original magnification 200 X 
B,Cells undergoing ballooning degeneration — a consequence of 
cytosolic accumulation of proteins and water— typically have pale 
cytoplasm with giant mitochondria or Mallory bodies. Original 





magnification 400 X. These eosinophilic bodies, which ultrastruc- 
turally represent aggregates of cytokeratin filaments, are not specific 
for alcoholic hepatitis. Hepatocyte necrosis is typically associated 
with a polymorphonuclear leukocyte infiltrate. Perivenular and 
perisinusoidal fibrosis is often seen in association with steatohep- 
atitis and is a good indicator of eventual progression to cirrhosis [46] 



Figure 9 - 1 3 * 



Cirrhosis. The histologic features of cirrhosis include presence of 
fibrous septa and micronodules or pseudolobules. Pseudolobules 
represent groups of hepatocytes surrounded by fibrosis. Abstinence 
leads to the evolution of these micronodules into macronodules 
[46]. Original magnification 20X. 
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I MANAGEMENT OF ALCOHOLIC HEPATITIS 



TABLE 9-4. PROGNOSIS 



Maddrey Index (Modified Discriminant Function) 

4.6 (Patient’s prothrombin time - control time) 

+ serum bilirubin (mg/dL) 

Poor prognosis if > 32 



Table 9 - 4 . 



Prognosis. Of the minority of chronic alcohol abusers who develop 
alcoholic hepatitis, only few require hospitalization, intensive 
management of the ensuing complications, and aggressive nutri- 
tional support. Unfavorable prognostic signs include early hepatic 
encephalopathy, azotemia, severe coagulopathy, hyperbiliru- 
binemia, and hypo-albuminemia. To identify those patients, in 
whom therapy would be beneficial, prognostic indicators such as 
the Maddrey index [47], the Child-Turcotte-Pugh score [48], and 
the University of Toronto Combined Clinical & Laboratory Index 
[49], and have been used. The Maddrey index, based on a study 
comparing it to the other indicators, appears to be the most 
clinically useful. Neural networks (computer tools for multivariate 
analysis that can be used to estimate disease risk) have also been 
developed that compare favorably with the Maddrey index [50]. 



TABLE 9-5, THERAPEUTIC AGENTS FOR 
ALCOHOLIC HEPATITIS 



Evidence support in$ use 
Corticosteroids 
Pentoxifylline* 

Nutritional support 
Insufficient evidence 
Anabolic steroids 
AAa loti late 

Evidence not supportins use 
Propylthiouracil t 
Insulin and Glucason 
Colchicine 

*Edfty evidence (one report) (63} 

^improved biochemistry but not survival [56, 57} 



Table 9 - 5 . 



Therapeutic agents. Nutritional supplementation is the first step in 
the treatment of alcoholic hepatitis and has proven survival benefits 
[51]. The goals of nutritional supplementation are to replace dietary 
deficits and to provide adequate amino acids to encourage hepatic 
regeneration without precipitating encephalopathy. Improved nutri- 
tional status correlates with improved survival [52]. Enteral nutrition 
of 2000 kcal/d in combination with corticosteroids has been shown 
to be beneficial in one study [53]. Anabolic steroids, such as oxan- 
drolone and testosterone, may have survival benefits in moderate 
alcoholic hepatitis, particularly in association with nutritional 
therapy, but lack of unequivocal data and concern over long-term 
effects of anabolic steroids restrict its use to clinical trials [54]. 
Malotilate, an agent used to promote hepatic regeneration, has been 
shown to improved survival in one study [55]. However, strong 
evidence for its efficacy is lacking at the present time. Promoting 
hepatic regeneration by insulin and glucagon therapy has been 
studied on several occasions. A summary of these studies have 
shown that the risk-benefit ratio does not support its use in alcoholic 
hepatitis [51]. Propylthiouracil, proposed to reduce the hypermeta- 
bolic state, and colchicine, which inhibits collagen synthesis, has not 
been shown to provide survival benefits in alcoholic hepatitis thus 
far [56-59]. (For corticosteroids and pentoxifylline treatment, see 
Fig. 9-14 and 9-15.) 




Figure 9 - 14 * 



Corticosteroid use. Steroid effects are mediated through a decrease 
in immune-mediated injury, inhibition of cytokine production, 
and activation as well as suppression of extracellular matrix protein 
expression. Randomized controlled trials using prednisolone, 40 
mg/d (or an equivalent) for 28 days, have shown an increase in 
both short term (30- and 60-day) and long-term (1 year) survival 
in a subgroup of patients with severe alcoholic hepatitis [60-62]. 
The subgroup characteristics include the presence of hepatic 
encephalopathy or a Maddrey index of greater than 32, in the 
absence of renal dysfunction, active infection, or gastrointestinal 
bleeding. Combined data from the largest trials reveal a 28-day 
survival in the steroid group of 85% versus 65% in the placebo 
group [3,51]. Meta-analysis suggests that seven patients treated will 
prevent one death. Thus, careful selection of patients fitting this 
subgroup criteria is required to avoid complications of steroid use 
in six of seven patients [51]. Overall, steroids reduce mortality by 
25%, but a significant residual mortality of 44% suggests that 
combination therapies may play a role in the future. 
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Figure 9-15* 
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Pentoxifylline use. Pentoxifylline inhibits tumor necrosis facto-a 
production. A recent randomized controlled study in severe alco- 
holic hepatitis used pentoxifylline, 400 mg thrice daily (mean 
duration, 21 days), to show a short-term survival benefit of 22% 
(absolute risk reduction) [63]. The improved survival rate was asso- 
ciated with a dramatic reduction in the development of hepa- 
torenal syndrome. 



I LONG-TERM A4ANAGEMENT 



TABLE 9-6. THERAPEUTIC AGENTS FOR 

LONG-TERM ALCOHOLIC LIVER 
DISEASE 



Evidence supporting use 
Abstinence 
Nutrition 
Propylthiouracil 
Transplantation 
Insufficient evidence 
Colchicine 
Anabolic steroids 
SAM 

Antioxidants 

Antibiotics 

Calcium channel blockers 
Bile acids 

Phosphatidyl-choline 
Saturated fatty acids 
Cytokine inhibitors 
CYP2E1 inhibitors 
Evidence not supporting use 
Corticosteroids 



Table 9-6. 



Therapeutic options. Abstinence is the only unequivocally proven 
therapy for alcoholic liver disease (ALD). Abstinence leads to 
increased survival compared with continued intake (see Table 9-7) 
[64-67]. The effects of nutrition and transplantation are depicted 
in Tables 9-8 and 9-9. The use of propylthiouracil in ALD, as 
opposed to alcoholic hepatitis, has shown potential therapeutic 
benefit [69], but general use is limited [3,70]. Similarly, colchicine 
has also been shown in a few trials to have survival benefit [70,71]. 
The limitations of these studies, however, preclude their general 
applicability. Meta-analyses of all colchicine-related trials and 
propylthiouracil-related trials showed no survival benefits for 
either [59,72]. 



Alcohol-induced Liver Disease 



213 








TABLE 9-7. ALCOHOLIC CIRRHOSIS: 
5-YEAR SURVIVAL 



Continued 



Study 


Abstinence 


DRINKING, % 


Powell, 1968 (n = 278) 


63 


40 


Tygstmp, 1971 (n = 168) 


70 


44 


Brunt, ^974(n- 258) 


77 


48 


Merkel, 1996 (n = 45) 


87 


55 


Pessione, 2003 {n = 102) 


55 


43 


Child's A/B 


62 


49 


Child's C 


42 


24 



*Vdiues estimated from Pessior^e {64]. 



Table 9-7. 



Abstinence versus continued drinking. Five-year survival is signifi- 
cantly increased with prolonged abstinence [64-67], A recent 
prospective study confirms previous retrospective findings of 
improved outcome with abstinence [64], Child-Pugh score is a 
significant predictor of mortality. Multivariate analysis performed 
separately in class A/B and class C patients showed abstinence was 
related with an increased survival within each group (RR, 5.6; P = 
0.002 and RR, 4.8; P = 0.04, respectively). 



TABLE 9-8. NUTRITIONAL THERAPY 



Diet 

Total calories: resting energy expenditure x 1 .2 - 1 .4 kcal/kg 
(minimum 30 kcal/kg body weight) 

Protein; 1 .0 to 1,5 g/kg body weight 
Carbohydrate proportion: 0% - 55% 

Fat proportion; 30% - 35% 

Adjuncts 

Vitamins and trace elements 

Additional Recommendations 

Fluid restriction; dependent on volume status, 
renal function, and electrolyte profile 

Sodium restriction; typically 1 - 2 g/d 
MeaJ frequency: frequent interval feedings 
Acute illness: increase requirements 



Table 9-8. 



Nutritional therapy. Aggressive supplementation of nutrients is 
required to treat protein-calorie malnutrition and provide substrate 
for liver regeneration. Studies have objectively quantified the bene- 
fits of this approach [73]. Nutritional support needs to be long- 
term with frequent reassessment of requirements. 




Figure 9-16. 



New strategies. As knowledge of the pathogenesis of alcoholic liver 
disease (ALD) grows, potential therapeutic options also emerge. 
Antioxidant therapy has produced variable results. S-adenosyl- 
methionine (SAM); see Fig. 9-7) administration has been shown to 
be effective therapy in ALD in one study, but Cochrane database 
analysis of eight trials did not show survival benefit [74-76]. Long- 
term vitamin E supplementation did not prove beneficial in 
patients with advanced cirrhosis. Silymarin (milk thistle) may have 
therapeutic benefits in early cirrhosis (Child's A), but further 
evidence is certainly required. Metadoxine, another antioxidant, 
has shown improvement of liver enzymes and ultrasound findings 
in alcoholic fatty liver [3,74]. A role for anabolic steroids in the 
long-term management of ALD has not been established [74]. 
Corticosteroids have not been shown to be of benefit in the long- 
term management of ALD. Antibiotics given to patients with signif- 
icant alcoholic fibrosis had no advantage over placebo [77]. Nitric 
oxide (NO) modifiers may be useful, but the role of NO in liver 
injury is not clear yet. The effects of diets low in polyunsaturated 
fats and treatment with phosphatidyl choline, calcium channel 
blockers, cytokine-specific inhibitors, and bile acids have only been 
explored in animal and small preliminary human studies [74]. 
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TABLE 9-9. OUTCOMES OF LIVER 
TRANSPLANTATION 



1 Year, % 5 Year, % 



Patient survival 


80-85 


70 


Graft survival 


75-85 


60-70 


Retransplantation 




3 


Recidivism 


10-15 


25-50 



Table 9-9. 



Alcoholic liver disease (ALD) and transplantation. ALD is the 
second leading indication for transplantation in the United States. 
Over 12,000 deaths related to ALD occur annually [78]. The 
shortage of donor organs not only limits this life-saving interven- 
tion, but also creates a significant ethical dilemma surrounding 
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Complications of Cirrhosis: 
Ascites and Spontaneous 
Bacterial Peritonitis 



Abnormalities in renal sodium handling and disturbed volume 
status are common complications of liver cirrhosis and 
contribute to the development of ascites in these patients. The 
pathogenesis of this impaired renal sodium and water excre- 
tion formation remains controversial. 
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Figure 10 - 1 . 



Changes occur in cardiovascular and renal physiology in cirrhosis 
that encourage renal sodium and water retention. An increased 
intrahepatic vascular resistance to portal venous outflow, together 
with an increased inflow into the portal vein from splanchnic and 
splenic hyperemia, results in portal hypertension. This increases 
the hydrostatic pressure in the sinusoidal bed. When hepatic 
lymphatic drainage can no longer accommodate the excess fluid 
that egresses from the sinusoids, ascites develops. 
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Afferent Mechanisms of Renal Sodium Retention in Cirrhosis 







Figure 10 - 2 . 



The effects of posture on sodium handling in early cirrhosis. 
Cirrhotic patients without ascites (pre-ascitic cirrhotic patients) 
retain sodium while upright (A), associated with increased serum 
aldosterone levels and normal systemic hemodynamics (B). On 
assuming a supine posture, a hyperdynamic circulation develops. 



with increased cardiac output and decreased systemic vascular 
resistance (D), and natriuresis (C). Asterisk indicates P < 0.05 
versus standing; dagger indicates P < 0.05 versus controls. [Adapted 
from Bernard! et al [1].) Dagger indicates P < 0.001 vs controls. 
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Figure 10 - 3 . 
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Recent data on posture-related sodium retention. The posture- 
related sodium retention in preascitic cirrhosis was confirmed in a 
recent study, which reported increased intrarenal renin-angiotensin 
activity without any changes in sympathetic nervous activity in 
response to increasing levels of lower body negative pressure, 
which simulates an upright posture, associated with renal sodium 
retention. [Adapted from Wong et al [2].) 






Figure 10 - 4 . 



The efficacy of losartan in reducing sodium retention. Sodium 
retention in the upright posture in early cirrhosis can be abolished 
by the low-dose administration of an angiotensin 11 receptor antag- 
onist, losartan (A), without affecting the systemic renin (B)- 



angiotensin (C) levels. This finding suggests that the one of the 
early abnormalities in the pathogenesis of sodium retention in 
cirrhosis is activation of the intrarenal renin-angiotensin-aldos- 
terone system. [Adapted from Girgrah et al [3]). 
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Figure 10 - 5 . 



The cirrhotic process. The natriuresis of preascitic cirrhosis in the 
supine posture is reduced compared with controls. This finding may 
explain why preascitic cirrhotic patients can maintain sodium balance 
while on 100 mmol sodium intake per day (A), but clearly retain 
sodium while on a high sodium intake (200 mmol sodium) (B). This 



subtle sodium retention is associated with an expanded intravascular 
volume, and increased central blood volume (C), glomemlar hyper- 
filtration, and decreased renal vascular resistance (D). (Part A adapted 
from Warner et al [4]; part B adapted from Wong et al [5]; part C 
adapted from Wong etal [6]; part D adapted from Wong etal [7]). 




Figure 10 - 6 . 



Renal sodium retention in the cirrhotic process {see Fig. 10-5). 
Continued renal sodium retention does not occur in preascitic 
cirrhosis, as frank fluid overload is not a feature of these patients. 
With chronic sodium loading with 200 mmol sodium per day, 
preascitic cirrhotic patients have a natriuretic "escape" and re-estab- 
lish sodium balance (A), but at the expense of an increased 
intravascular volume, associated with elevated plasma atrial natri- 
uretic peptide (ANP) levels (B), suppression of the renin- 
angiotensin-aldosterone system (C), and a net weight gain. 

{Adapted from Wong et al [8]). 

{continued on next page) 
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Figure 10 - 6 * (continued) 
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Continuation of the cirrhotic process. A, As the cirrhotic process 
continues, the hyperdynamic circulation that is observed in 
preascitic cirrhosis in the supine posture becomes more 
pronounced, associated with a parallel increase in the extent of 
sodium retention. However, at the later stages of cirrhosis, these 
hemodynamic changes are no longer limited to the supine posture 
only. Arterial vasodilatation occurs in pre-ascitic cirrhosis in the 
supine posture, most likely as a secondary phenomenon to accom- 



modate the volume expansion in that posture. B, Continued 
peripheral arterial vasodilatation with the progression of cirrhosis is 
likely a primary event, in part because of increased amounts of 
endogenous vasodilators, originating from the splanchnic circula- 
tion and gaining access into the systemic circulation via portasys- 
temic shunts, and in part due to refractoriness of the cardiovascular 
system to vasoconstrictors. Na — sodium; RAAS — renin-angiotensin- 
aldosterone system; SNS — sympathetic nervous system. 
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The peripheral arterial vasodilatation hypothesis. This hypothesis is 
one of several proposed to link the arterial vasodilatation to the 
pathogenesis of renal sodium and water retention in cirrhosis. The 
hypothesis proposes that in cirrhosis, the opening of arteriovenous 
shunts and splanchnic and peripheral arteriolar vasodilatation 
leads to a fall in arterial blood pressure and systemic vascular 
resistance. This results in a reduction in the effective arterial blood 
volume that in turn activates neurohumoral pressor systems, 



promoting renal sodium and water retention in an attempt to 
restore the effective arterial blood volume and maintain blood 
pressure. When increased renal sodium reabsorption cannot 
compensate for the arterial vasodilatation, arterial underfilling 
occurs. Then the cascade of further activation of various neurohu- 
moral pressor systems begins, leading to increased renal sodium 
retention, and ultimately ascites formation. 






Figure 10-9. 



The importance of nitric oxide (NO) or endothelial-derived relaxing 
factor as vasodilator. The splanchnic circulation is the most impor- 
tant site of NO production. It has been suggested that chronic endo- 
toxemia associated with cirrhosis may stimulate the synthesis and 
release of NO through increased cytokine expression, although 



several growth factors are also known to stimulate the production 
of NO synthase (NOS), the enzyme responsible for NO synthesis. 

In addition, shear stress on the endothelium secondary to portal 
hypertension is also an important factor in the production of NO 
(A). NO released from the endothelium stimulates the enzyme 
guanylate cyclase in the myocytes, leading to the production of 
cyclic GMP in the vascular smooth muscle cell, resulting in smooth 
muscle cell relaxation and vasodilatation (B). NO also mediates the 
vasodilatory effects of acetylcholine and bradykinin. NO produc- 
tion appears to be more pronounced in advanced cirrhosis 
compared with early stages of the disease, as N(G)-monomethyl-L- 
arginine (l-NMMA), an antagonist to NO, causes a greater decrease 
in forearm blood flow in patients with decompensated compared 
to those with well-compensated cirrhosis. This suggests that NO 
production is in much greater excess in decompensated cirrhosis, 
most likely due to flow-induced endothelial shear stress as a result 
of the hyperdynamic circulation (C). GALD — well-compensated 
alcohol-induced liver disease; DALD— decompensated alcohol- 
induced liver disease; eNOS — endothelial NO synthase; GMP- 
guanosine monophosphate; GTP — guanosine triphosphate; 
iNOS— inducible NO synthase; l-NNA— N(G)-nitro-L-arginine. 
(Part B adapted from Farzaneh-Far and Moore. [9]; part G adapted 
from Gampillo et al [10].) 
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Table 10-1. 



TABLE 10-1 . PUTATIVE VASODILATORS 



Calcitonin sene-related peptide 
Adrenomedullin 
Prostaglandin I2 and E2 
Natriuretic peptides 
Atrial natriuretic peptide 
Brain natriuretic peptide 
C-type natriuretic peptide 
Glucagon 
Insulin 

7-Amino butyric acid 
Adenosine 
Substance P 

Vasoactive intestinal peptide 
Bile acids 




Figure 10-10. 



The role of sinusoidal portal hypertension. In an acute animal 
model, the production of sinusoidal portal hypertension by a liga- 
ture around the hepatic vein, while maintaining renal blood flow 
(RBF) constant with canine plasma, is associated with sodium 
retention. However, the same ligature around the portal vein, 
yielding the same height of portal hypertension at the presinu- 
soidal level, does not produce renal sodium retention, suggesting 
that sinusoidal rather than presinusoidal portal hypertension is 
necessary for the development of sodium retention. C^j-— creati- 
nine clearance; CO — cardiac output; HVL — hepatic vein ligation; 
PVP— portal venous pressure; UNaV— urinary sodium excretion; 
UV— urinary volume. {Adapted from Campbell etal [11].) 



Several other putative vasodilators. Calcitonin gene-related peptide 
(CGRP) is a powerful vasodilating neurotransmitter with increased 
circulating concentrations in cirrhosis. Its levels have been shown to 
correlate significantly to cardiac output and systemic vascular resist- 
ance in cirrhosis. Structurally related to CGRP is adrenomedullin, a 
potent endogenous vasodilating and natriuretic peptide. 
Adrenomedullin levels have been shown to be inaeased in cirrhosis, 
especially at the decompensated stage. In vitro and in vivo studies 
suggest that adrenomedullin exerts its vasodilatory effects via the stim- 
ulation of NO production through a cAMP pathway. Prostaglandins 
and E2 have vasodilatory actions, and prostanoids are released into the 
portal vein in patients with liver disease. Increased urinary prostanoids 
have also been found in cirrhosis, and the administration of 
indomethacin has resulted in worsening of renal hemodynamics, indi- 
cating the dependence of the kidneys on these vasodilatory 
prostaglandins in these patients. Other vasodilators in cirrhosis 
include the natriuretic peptide family: atrial natriuretic peptide (ANP), 
brain natriuretic peptide (BNP), and C-type natriuretic peptide. 
Although the natriuretic peptides are primarily involved in natriuresis, 
elevated levels of ANP and BNP in cirrhosis with ascites suggest that 
they may also be involved in the vasodilatation in these patients. 
Glucagon, insulin, y-aminobutyric acid, adenosine, substance P, 
vasoactive intestinal peptide, and bile acids are some of the other 
vasodilators that have been implicated in the pathogenesis of vasodi- 
latation in cirrhosis. cAMP — cyclic adenosine monophosphate. 




Figure 10-11. 



The role of sinusoidal portal hypertension in the pathogenesis of 
sodium retention in cirrhosis. It has also been shown that, in a 
cohort of cirrhotic patients, there is a critical level of sinusoidal 
portal hypertension of 8 mm Hg below which ascites does not 
occur (A). The recent introduction of the transjugular intrahepatic 
portasystemic shunt (TIPS) to reduce sinusoidal portal pressure, 
leading to the disappearance of ascites, is also supportive of the 
important role of sinusoidal portal hypertension in the pathogen- 
esis of sodium retention in cirrhosis. 

{continued on next page) 
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Figure 1 0-11 ♦ (continued) 



Furthermore, in patients in whom the transjugular intrahepatic 
portosystemic shunt (TIPS) was acutely obstructed by inflating an 
angioplasty balloon, renal blood flow acutely deteriorated (B), 
once again confirming the role of sinusoidal portal hypertension 
in mediating this hepatorenal interaction. (Part A adapted from 
Morali et al [12]; part B adapted from Jalan et al [13].) 





Figure 10-12. 



The role of hepatic dysfunction. Sinusoidal 
portal hypertension, however, is not the 
sole factor responsible for renal sodium 
retention in cirrhosis. In carbon tetrachlo- 
ride-induced cirrhosis in the rat, the onset 
of renal sodium retention has been demon- 
strated to be related to a critical level of 
hepatic dysfunction as measured by the 
aminopyrine breath test (A), suggesting 
that hepatic dysfunction may also play a 
role in the pathogenesis of renal sodium 
retention (B). N — non-sodium-retaining 
rats; S — sodium-retaining rats. [Adapted 
fromWensinget al. [14].) 




Figure 10-13. 



Hepatic dysfunction and sodium retention. A more recent study 
confirms a correlation between the ability of a group of preascitic 
cirrhotic patients to handle an intravenous saline load and 
antipyrine clearance, a measure of the functional hepatocellular 
mass, thus further strengthening the relationship between hepatic 
dysfunction and sodium retention That is, the more severe the liver 
dysfunction, the worse the renal sodium retention. UNaV — urinary 
sodium excretion. [Adapted from Wong etal [15].) 
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Figure 10-14. 



The role of hepatorenal neural reflex. 
Whether sinusoidal portal hypertension or 
hepatic dysfunction initiates fhe signal for 
renal sodium retention, it appears that a 
hepatorenal neural reflex is involved in 
causing renal sodium retention. Glutamine 
induces hepatocellular swelling. When it is 
infused into the superior mesenteric vein in 
rats, the glomemlar filtration rate (GFR) is 
promptly reduced. This reduction is abol- 
ished when the renal nerve is transeaed, 
suggesting a neural link between the liver and 
the kidney. {Adapted from Lang eta/. [16].) 



Figure 10-15. 



Experimental dog model showing that occlusion of the inferior vena cava (fVG) leading to 
sinusoidal portal hypertension results in increased hepatic and renal sympathetic nervous 
activities. Hepatic nerve section abolishes the increase in renal sympathetic nervous activi- 
ties. Therefore, it is possible that hepatic dysfunction may either directly contribute to the 
sodium retention or play a permissive role in concert with sinusoidal portal hypertension, 
perhaps via some neurogenic pathway, to promote renal sodium retention in cirrhosis. 

Ave RENA — average renal sympathetic efferent nerve activity; VP — venous pressure. 
{Adapted from Kostreva etal [17].) 




Figure 10-16« 



The role of cirrhotic cardiomyopathy. Structural and functional 
cardiac abnormalities are present in both preascitic and ascitic 
cirrhotic patients, irrespective of the etiology of cirrhosis. There is 
myocardial hypertrophy, diastolic dysfunction at rest, and systolic 
incompetence under conditions of stress. This constellation of 
cardiac changes is known as cirrhotic cardiomyopathy. The cause of 
cirrhotic cardiomyopathy is multifactorial. Excess production of 
cardiac depressant substances, such as endotoxins, nitric oxide, and 
bile acids; cardiac (3-adrenergic signaling abnormalities; decreased 
conductance of one or more types of potassium channels; and high- 
output heart failure due to the persistent hyperdynamic circulation 
all have been implicated in the pathogenesis of cirrhotic cardiomy- 
opathy. Sodium retention is a physiologic response to reduced 
cardiac contractility. Furthermore, abnormal P-adrenergic signaling 
leads to a reflex increase in sympathetic activity, which further adds 
to the sodium retention. {Adapted from Moller et al [18].) 
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Efferent mechanisms of renal sodium retention in cirrhosis 




Figure 10-17. 



Effector mechanisms of renal sodium retention in cirrhosis. 
Whatever the pathogenetic process is in initiating the renal sodium 
and water retention in cirrhosis, the efferent mechanisms involved 
in effecting the sodium retention are multifactorial. The predomi- 
nance of either natriuretic or antinatriuretic factors will ultimately 
decide if the patient will remain in sodium balance or retain 
sodium. SNS — sympathetic nervous system. 




Figure 10-18. 



Antinatriuretic and antidiuretic factors. The antinatriuretic, antidi- 
uretic factors include an activated sympathetic nervous system 
(SNS), increased renin-angiotensin-aldosterone levels, as well as 
elevated arginine vasopressin concentrations. Chronic SNS stimu- 
lation is well documented in both preascitic and ascitic cirrhosis. It 
affects renal hemodynamics as well as renal tubular function. An 
increase in renal SNS activity leads to an increase in renal vascular 
resistance, located predominantly at the level of the afferent arte- 
riole, and a decrease in glomerular filtration rate and renal blood 
flow. An increase in a-adrenergic tone also results in increased 
proximal tubular reabsorption of sodium, and an increase in IB- 
adrenergic tone results in increased renin excretion from the 
kidney. Increased renal sympathetic activity causes renal artery 
vasoconstriction, with resultant impaired renal perfusion 
secondary to both a decreased renal perfusion pressure and an 
increased afferent arteriolar tone. It also directly stimulates renin 
release from the juxtaglomerular apparatus. The increased renin 
secretion leads to increased production of angiotensin 11, which 
then increases renal vascular resistance by preferentially increasing 
efferent arteriolar tone, thereby decreasing renal blood flow and 
increasing glomerular filtration rate. Angiotensin II increases prox- 
imal tubular reabsorption of sodium independent of renal hemo- 
dynamic changes. It also stimulates the secretion of aldosterone 
from the adrenal cortex, which in turn stimulates the reabsorption 
of sodium at the distal renal tubule, promoting more avid sodium 
retention. There is nonosmotic hypersecretion of arginine vaso- 
pressin in response to volume receptor activation by the systemic 
and splanchnic vasodilatation, and this impairs water excretion in 
the collecting tubule. 
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Figure 10-19. 



Natriurettc and diuretic factors 




Natriuretic and diuretic factors. The natriuretic, diuretic factors 
include elevated atrial natriuretic factor (ANF) levels as well as 
increased production of renal prostaglandins. ANF is a vasodilatory 
as well as natriuretic hormone, and increased secretion is stimu- 
lated by atrial stretch. It increases glomerular filtration rate by 
afferent vasodilatation and efferent vasoconstriction. ANF increases 
natriuresis independent of its renal hemodynamic effects by 
directly inhibiting sodium reabsorption in the inner medullary 
collecting duct. Renal prostaglandins are autocoids that decrease 
renal vascular tone, preferentially dilating the afferent arteriole in 
the presence of pressor agents such as norepinephrine and 
angiotensin II. They also promote a natriuresis by altering chloride 
transport and hence sodium reabsorption in the medullary 
segment of the thick ascending limb of the loop of Henle. This 
induces diuresis by reducing the tonicity of the renal medullary 
interstitium as well as by inhibiting the effects of arginine vaso- 
pressin on the collecting tubule. PG — prostaglandin. 



Factors Localizing Fluid Retention to the Peritoneal Space 





Figure 10-20. 



The hepatic sinusoidal bed. The hepatic 
sinusoidal bed is a specialized capillary 
bed. The sinusoidal endothelium, with its 
fenestrae and lack of a basement 
membrane, is freely permeable to albumin; 
therefore, no trans-sinusoidal oncotic pres- 
sure gradient can develop to retain fluid in 
the intravascular space. Arrows indicate 
fenestrae in the sinusoids. Arrows with aster- 
isks indicate smaller fenestrae. 
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Figure 10 - 21 . 




‘The numbers 
represent pressures 
within the hepatic 
sinusoid in mm Hg, 
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Schematic representation of the hepatic sinusoidal bed. The 
hepatic sinusoidal bed is normally a low-pressure venous bed 
resulting from high presinusoidal resistance in the hepatic arteri- 
oles. Sinusoidal hydrostatic pressure is therefore very low. There is 
minimal pressure gradient from the portal venous end to the 
hepatic venous end of the sinusoidal bed. Interstitial fluid that 
escapes from the sinusoids into the hepatic parenchyma is drained 
away by hepatic lymphatics; very little fluid escapes through the 
liver capsule into the peritoneal cavity. HV — hepatic vein. 




Figure 10 - 22 . 



Schematic representation of sinusoidal portal hypertension. When 
cirrhosis develops, there is a hepatic venous outflow block, leading 
to sinusoidal portal hypertension. Sinusoidal hydrostatic pressure 
increases markedly, which favors transudation of fluid into the 
interstitial space. There is still no oncotic pressure gradient across 
the sinusoids caused by free passage of albumin through the sinu- 
soidal fenestrae. Regional hepatic lymphatics become tortuous and 
dilated and increase their drainage capacity as much as 20-fold. 
Fluid begins to escape through the liver capsule into the peritoneal 
cavity as ascites. Once sequestered within the peritoneal cavity, 
ascitic fluid can be reabsorbed by the peritoneal lymphatics at a 
maximal rate of 900 mL/day. The ascites can also be drained by the 
subdiaphragmatic peritoneum. When hepatic lymph production 
exceeds the drainage capacities of the hepatic and peritoneal 
lymphatics, ascites will accumulate. HV — hepatic vein. 
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Figure 10 - 23 . 



Later stage of cirrhosis. In the later stage of cirrhosis, fenestration is 
lost and a basement membrane-like material that "capillarizes" 
the sinusoid is laid down. This membrane reduces the sinusoidal 
permeability, and an oncotic pressure gradient develops between 
the hepatic interstitial space and the sinusoidal lumen. In patients 
with alcoholic cirrhosis, there is a deposition of immunoglobulin 
A underneath the sinusoidal endothelium, further reducing the 
sinusoidal permeability. This acts to counterbalance the hydrostatic 
pressure gradient and decrease hepatic lymph production. When 
there is accumulation of ascitic fluid in the peritoneal cavity, the 
resultant rise in intra-abdominal pressure is transmitted back to 
the hepatic parenchyma. This leads to a rise in interstitial pressure, 
counteracting further fluid loss. At this stage of cirrhosis, however, 
these compensatory mechanisms are no longer adequate to elimi- 
nate the ascites. [Adapted from Orrego etal [19].) 
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Figure 10-24. 



Outline of stages of renal sodium retention. In the natural history of cirrhosis, the patient 
passes through many stages of renal sodium handling. Prior to the clinical appearance of 
ascites, or at the pre-ascites stage of cirrhosis, patients already have a tendency to retain 
sodium. This abnormality is subtle but can be readily demonstrated when these patients are 
challenged by a sodium load. There is intravascular volume expansion associated with the 
renal sodium retention. Subtle cardiac changes may also be detected in some but not all 
preascitic cirrhotic patients, which may or may not contribute to sodium retention at this 
stage of cirrhosis. These preascitic cirrhotic patients remain in sodium balance, presumably 
as a result of the natriuretic effect of elevated antinatriuretic factor (ANF) levels. As the 
cirrhotic disease progresses, sodium and water retention also becomes more severe. Ascites 

Clinical Features and Consequences of Ascites 



develops when local factors preferentially 
localize the excess fluid into the peritoneal 
cavity. In early ascites, diuretic-induced 
increased delivery of sodium to the distal 
nephron enables the increased atrial natri- 
uretic factor secretion to facilitate the neces- 
sary increase in sodium excretion. Later, 
systemic arterial vasodilatation develops. 
Activation of pressor systems as a result of 
relative arterial underfilling not only 
promotes further renal sodium and water 
retention, but also stimulates renal vasocon- 
striction. Increased activities of the renin- 
angiotensin and sympathetic nervous 
systems therefore blunt the natriuretic 
response to diuretics and elevated ANF 
levels. These also stimulate renal 
prostaglandin secretion, thereby maintaining 
the integrity of renal function, and the 
patient remains diuretic responsive. Cardiac 
dysfunction also becomes more pronounced 
and may be responsible for part of the 
sodium retention. When the increased 
prostaglandin secretion cannot overcome 
the vasoconstrictive and antinatriuretic 
forces, refractory ascites ensues. Finally, 
prostaglandin secretion fails, and the unop- 
posed vasoconstrictive influences lead to 
marked sodium retention and ultimately 
hepatorenal syndrome. PNE — plasma 
norepinephrine; PRA— plasma renin activity. 
{Adapted from Blendis and Wong [20].) 




Figure 1 0-25. 



Patient with ascites. Ascites often develops insidiously over the 
course of months, and the patient presents with abdominal disten- 
sion. Ascites may develop suddenly if there is a precipitating cause, 
such as infection, an alcoholic binge, development of a hepatoma, 
or thrombosis of the hepatic vein. Once ascites becomes clinically 
obvious, the patient usually is ill, with moderate muscle wasting. 
The umbilicus is everted. Pedal edema is common and is partly 
related to the hypoalbuminemia and partly to the pressure on the 
inferior vena cava by the abdominal fluid. 




Figure 10-26. 



Ascites-related hernia. Increased intra-abdominal pressure favors 
the development of hernias in the umbilicus and inguinal regions 
and through abdominal incisions. Pressure from the ascites-filled 
hernial sacs may cause considerable discomfort. 
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Figure 10 - 27 . 



Umbilical hernia due to ascites. Occasionally, tense ascites may 
lead to rupture of an umbilical hernia, thereby predisposing the 
patient to the potentially fatal complication of bacterial peritonitis. 
Prophylactic repair of umbilical hernias even after removal of the 
ascites may be associated with significant morbidity, especially in 
Child-Pugh class C patients. Therefore, every attempt should be 
made to better control the ascites, so to reduce the pressure on the 
hernias. Patients should be advised to wear a hernia truss. Rupture 
of umbilical hernia requires wide-spectrum antibiotics as well as 
surgical repair; however, the mortality rate is high. 




Figure 10 - 28 * 



Scrotal and penile edema. Frequently, ascitic fluid can track down 
to the scrotum, causing scrotal and penile edema. Scrotal edema 
may be mistaken for a hydrocele. Treatments include bed rest, with 
the foot of the bed raised; scrotal support bandages; and diuretics 
to reduce the ascites. Drainage of the scrotal edema is not recom- 
mended as it often results in a permanent fistula. 







Figure 10 - 29 . 



Pleural effusion (PE). PE is present in about 6% of patients with 
ascites, and more often it is on the right side. This is the result of a 
defect in the diaphragm that allows the ascitic fluid to pass up into 
the pleural cavity. In contrast, a left-sided PE in an ascitic patient 
may indicate pulmonary pathology. Occasionally, a PE may be 
seen in the absence of ascites and is caused by the negative 
intrathoracic pressure drawing up the ascitic fluid through the 
diaphragmatic defect into the pleural cavity. Thoracocentesis is 
followed by rapid refilling of the pleural cavity because of the nega- 
tive intrathoracic pressure. Control of the PE can only be achieved 
with the control of ascites. 
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Figure 10-30. 



Bulging of flanks. The earliest sign of ascites in the abdominal 
cavity is bulging of the flanks. There is at least 2 L of fluid in the 
abdominal cavity when dullness to percussion in the flank is 
detected. The presence of fluid in the abdominal cavity can be 
confirmed by the shifting of the percussion dullness when the 
patient changes position. A fluid thrill usually means much more 
free fluid, with the fluid under tension. 



TABLE 10-2. INDICATIONS FOR 

DIAGNOSTIC PARACENTESIS 



At first presentation of ascites 
Alteration of the patient's ciinical state 
Sudden increase in ascites 
Worsenins of hepatic encephalopathy 
Presence of fever 



Table 10-2* 



Indications for diagnostic paracentesis. Diagnostic paracentesis 
should be performed at first presentation, no matter how obvious 
the cause of the ascites, or when there is alteration of the patient's 
clinical state, such as a sudden increase in the amount of ascitic 
fluid, worsening of encephalopathy, the development of renal 
dysfunction, or the presence of fever or abdominal pain, to rule 
out other complications, such as spontaneous bacterial peritonitis 
and hepatocellular carcinoma. 




Figure 10-31. 



Abdominal ultrasound. Less than 2 L of peritoneal fluid is difficult 
to detect clinically. Abdominal ultrasound is useful in defining 
small amounts of ascites; therefore, this investigation is the "gold 
standard" for the detection of ascites. Ascitic fluid is shown as a 
space around a shrunken cirrhotic liver. The ultrasonographer can 
add a suitable surface marker to aid the clinician in performing 
diagnostic abdominal paracentesis. 




Figure 10-32. 



Sampling of ascitic fluid. Direct inoculation of at least 10 mL of 
ascitic fluid into two blood culture bottles at the bedside, one for 
aerobic and one for anaerobic organisms, is important because this 
process increases the positive culture yield if bacterial peritonitis is 
present. Further samples should be sent separately for biochemical 
analysis and cell count. 
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Tabie 10 - 3 . 



TABLE 10-3. ASCITIC FLUID ANALYSIS 



Polymorphonuclear count 
> 250 per mL is diasnostic of SBP 
Ascitic fluid albumin concentration 

Serum-ascitic fluid albumin concentration >1.1 g/dL is 
suggestive of cirrhotic, rather than malignant, ascites 

Ascitic fluid protein concentration 

Patients with ascitic fluid protein <1.0 g/dL should be 
considered for prophylaxis against SBP 



Ascitic fluid analysis. Analysis should include a total polymor- 
phonuclear cell count and albumin and protein concentrations. 

A serum-ascitic fluid albumin gradient of more than 11 g/L repre- 
sents cirrhotic rather than malignant ascites. A high protein 
content may be associated with Budd-Chiari syndrome or pancre- 
atic ascites. Patients with an ascitic fluid protein count of less than 
10 g/dL and poor hepatic function are at high risk for developing 
spontaneous bacterial peritonitis (SBP). Consideration should 
therefore be given to providing SBP prophylaxis for these patients. 
A total polymorphonuclear count of more than 250/pL is diag- 
nostic of SBP. 



Diffgrgntial Diagnosis of Ascites ^ 



TABLE 10-4. DIFFERENTIAL DIAGNOSIS OF ASCITES 


Cirrhosis 


Constrictive pericarditis 


Hepatoma 


Nephrotic syndrome 


Tuberculous pentonitis in 


Pancreatitis 


the malnourished alcoholic 


Malignant chylous ascites, 


Peritoneal carcinomatosis 


especially lymphoma 


Righhsided cardiac failure 


- 



Table 10 - 4 * 



Differential diagnosis of ascites. Many causes of noncirrhotic 
ascites exist. Hepatic venous obstruction or Budd-Chiari syndrome 
must be considered, especially if the protein count of the ascitic 
fluid is high. Severe right-sided heart failure or constrictive peri- 
carditis is usually clinically obvious and can be confirmed with 
characteristic echocardiographic findings. A chest radiograph will 
also demonstrate the changes of right heart failure or calcification 



of the pericardium as causes of constrictive pericarditis. Likewise, 
nephrotic syndrome as a cause of ascites can be easily diagnosed 
by the presence of generalized edema and proteinuria. Tuberculous 
ascites should be suspected in the severely malnourished alcoholic 
cirrhotic. The patient is usually pyrexial, but fever may be absent in 
50% of the patients. The leukocyte count of the ascitic fluid is 
usually, but not always, elevated. These are usually lymphocytes, 
but sometimes may be polymorphonuclear cells. The protein 
content of the ascitic fluid is usually greater than 3.5 g/dL. The 
ascitic fluid should be stained for acid-fast bacilli, but the smears 
are rarely positive. Positive culture is found in only half the 
patients. Occasionally, thickening of the peritoneum can be seen 
either on ultrasound or CT scanning. Definitive diagnosis of tuber- 
culosis as a cause of ascites can be made by peritoneal biopsy. 
Malignant ascites is often bloodstained, and the protein count is 
high. Cytology of the ascitic fluid is often negative. Chylous ascites 
suggests metastatic cancer, predominantly lymphoma. Pancreatic 
ascites can complicate acute pancreatitis but is rarely gross. A high 
ascitic amylase level of greater than 1000 units/L is diagnostic of 
pancreatic ascites. 



Treatment of Ascites 



Sodium balance in cirrhosis with ascites 

Output 



Intake 




100 to 150 mmol/d 
Typical no-added- 
salt diet 



< 20 mmol/d 
Typical urinary sodium 
excretion in an ascitic 
patient on no diuretics 



Daily positive sodium balance of 80 to 130 mmol or 
accumulation of 600 mL to 1 L of fluid/d 



Figure 10 - 33 . 



Sodium balance in cirrhosis with ascites. Bed rest and sodium 
restriction are effective in mobilizing the ascites in 10% of patients 
with new-onset ascites. Typically, an ascitic patient receiving no 
diuretics excretes less than 20 mmol of sodium per day. If an ascitic 
patient consumed a typical "no added salt" diet containing approx- 
imately 100 to 150 mmol of sodium per day, it would result in a 
positive sodium balance of up to 130 mmol/d or the accumulation 
of up to 1 L of fluid per day. A negative sodium balance is better 
achieved by reducing dietary sodium intake. A diet restricted to 22 
mmol of sodium per day, though unpalatable, is necessary in 
patients with refractory ascites. However, in most other patients, 
restriction to 44 mmol of sodium per day should be adequate. Salt 
substitutes are to be discouraged. White salt substitutes usually 
consist of pure potassium chloride or 50% potassium chloride and 
50% sodium chloride. This may lead to severe hyperkalemia in a 
patient who is taking a potassium-sparing diuretic. The presence of 
severe hyponatremia, such as a semm sodium of less than 120 
mmol/L, warrants fluid restriction. These patients usually tolerate 
milder degrees of hyponatremia very well. 
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Figure 10 - 34 * 



Diuretic therapy. Diuretic therapy is required in addition to sodium 
and fluid restriction to control the ascites in 90% of patients. The 
aim of diuretic therapy is to block the various renal sodium- 



retaining mechanisms and thereby increase urinary sodium excre- 
tion. Distal diuretics [eg, spironolactone, triamterene, amiloride) are 
relatively weak. The half-life of spironolactone in advanced cirrhosis 
is between 10 and 35 hours because of impaired metabolism. There 
is a lag phase of 2 to 4 days before the onset of action and up to 7 
days for offset of action when therapy is discontinued. Therefore, 
dosages of spironolactone should not be adjusted more often than 
every 7 days. Amiloride is a preferred diuretic because its onset and 
offset of action are not as long. Loop diuretics are very powerful and 
can increase urinary sodium excretion by as much as 300%. The 
onset of action of furosemide is within 30 minutes after oral 
administration, with a peak effect within 1 to 2 hours and most of 
the natriuretic activity completed within 3 to 4 hours. The dose- 
response curve of furosemide is sigmoidal. Once a maximal 
response is reached, administration of higher doses does not 
produce a further natriuretic response. Diuretics that act on the 
proximal renal tubule are very potent. They should not be used 
without careful monitoring because severe intravascular volume 
depletion leading to renal dysfunction is a common complication. 
They are generally not recommended as outpatient therapy. The 
usual recommended diuretic regimen is a combination of two 
diuretics acting on different sites of the nephron. The usual regimen 
consists of single morning doses of spironolactone, beginning with 
100 mg/d, and furosemide 40 mg/d. The alternative would be a 
combination of furosemide 40 mg/d or amiloride 5 mg/d. Single 
daily doses maximize compliance, and a combination approach is 
less likely to lead to hyperkalemia. Increase in diuretic doses can be 
made if weight loss is less than 1.5 kg/wk, the patient has been 
compliant with sodium restriction, and renal fonction is normal. 
The use of albumin in addition to combination diuretics can 
improve the diuretic response [21]. 



TABLE 10-5. 


DIURETICS USED IN ASCITES 




Type of diuretic 


Name 


Side effects 


Distal 


Spironolactone 


Gynecomastia 
Hyperkalemia 
Renal tubular acidosis 




Amiloride 

Triamterene 


Hyperkalemia 


Loop 


Furosemide 


Hyponatremia 




Ethacrynic acid 


Hypokalemia 

Azotemia 


Proximal 


Metolazone 


Hyponatremia 

Hypokalemia 

Azotemia 



Table 10 - 5 . 



Diuretics used in ascites. Diuretic therapy, 
especially furosemide, must be balanced 
against the frequency of complications. 
Intravascular hypovolemia leading to 
azotemia and metabolic alkalosis occurs in 
20% of ascitic patients treated with diuretics. 
Hyponatremia is the result of drug-induced 
natriuresis and renal impairment to excrete 
free water. Hyper- and hypokalemia are 
common, depending on the class of diuretic 
used. Diuretics may also induce hepatic 
encephalopathy, mainly through hypo- 
volemia and impaired cerebral perfusion. 
The kidney is a very important source of 
ammonia, and diuretics increase the produc- 
tion of ammonia in the renal vein. Other 
troublesome side effects of spironolactone 
include painful gynecomastia, decreased 
libido, and impotence. Chronic treatment 
with diuretics can also cause muscle cramps 
in the lower extremities. 
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RefMCtory Ascites 



TABLE 10-6. DEFINITION OF REFRACTORY ASCITES 



Prolonsed history of ascites unresponsive to 400 ms of 

spironolactone or 30 ms of amilortde plus up to 160 m 3 of 
furosemide daily for 2 wk while on a sodium-restricted 
diet (< 50 mmol/d) 

Patients who cannot tolerate diuretics because of side effects are 
also regarded as diuretic resistant 



Table 10 - 6 . 



Definition of refractory ascites. Refractory ascites is defined as a 
prolonged history of ascites unresponsive to 400 mg of spironolac- 
tone or 30 mg of amiloride plus up to 160 mg of furosemide daily 
for 2 weeks while on a sodium-restricted diet of 50 mmol or less per 
day. Patients who cannot tolerate diuretics because of side effects are 
also regarded as diuretic resistant. Some 5% to 10% of ascitic 
patients admitted to the hospital for treatment of ascites have refrac- 
tory ascites. It is worthwhile to perform a sodium balance study on 
these patients when they are under strict dietary sodium and fluid 
control in the hospital. Some of these patients are not truly diuretic 
resistant, rather, their noncompliance when treated as outpatients 
accounts for the lack of response. Demonstration of weight loss in 
the hospital when under strict dietary control can sometimes bring 
the message home. There are various treatment options for refractory 
ascites. (Adapted from Anoyo et al [22].) 



Paracentesis 



TABLE 10-7. COMPLICATIONS DURING THE FIRST HOSPITAL STAY IN 

PATIENTS FROM GROUP 1 (TREATED WITH PARACENTESIS) 
AND GROUP 2 (TREATED WITH DIURETICS) 





Group 1 (n = 58) 


Group 2 (n = 59) 


Patients with complications 


10 


36 


Hyponatremia 


3 


18 


Encephalopathy 


6 


17 


Renal impairment 


2 


16 


Hyperkalemia 


1 


7 


Gastrointestinal bleedins 


2 


6 


Peritonitis 


0 


4 


Bacteremia 


2 


0 


Others 


0 


4 * 



* Two pdtients with poss/b/e /ofections, one patient with respiratory fai/ure, and one pat/ent w/th 
stranso/ated hernia. 



Table 10 - 7 . 



Complications during the first hospital stay 
in patients from group 1 (treated with para- 
centesis) and group 2 (treated with diuretics). 
Repeated large-volume paracentesis (4 to 6 
L/d) together with intravenous albumin infu- 
sion was shown in a single randomized, 
controlled trial to be safe and more effective 
in eliminating ascites than standard diuretics. 
Furthermore, the incidence of systemic and 
renal hemodynamic disturbance, hypona- 
tremia, hepatic encephalopathy, and renal 
impairment was much lower in the patients 
treated with paracentesis than in those 
treated with diuretics. The duration of patient 
hospital stay was also shorter. [Adapted from 
Ginesetal [23].) 
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Figure 10-35 




Time, wk 

P 58 49 41 31 29 24 21 21 11 11 11 11 

D 50 44 40 36 35 26 22 22 9 9 9 9 



Paracentesis (P) versus diuretics (D). The use of paracentesis as a 
treatment for ascites offers no survival advantage compared with 
the use of diuretics. [Adapted from Gines et al [23].) 



TABLE 10-8. PATIENTS DEVELOPING COMPLICATIONS DURING THE 
FIRST HOSPITAL STAY IN GROUP 1 AND GROUP 2 AND 
TYPES OF COMPLICATIONS 



Group 1 (n = 52) Group 2 (n = 53) 



Patients with complications 


6 


16 


Hyponatremia and/or renal impairment 


0 


9 


Hyponatremia and/or renal impairment 
plus other complications 


1 


2 


Other complications 


8 


5 


Number of complications 


13 


23 


Hyponatremia 


1 


9 


Renal impairment 


0 


6 


Encephalopathy 


6 


3 


Gastrointestinal hemorrhase 


2 


1 


Severe infection 


4t 


4t 



• Group 7 equals paracentesis pfus intravenous albumin; group 2 equals paracentesis without 
intravefious albumia 

^ Three patients with bacteremia and one patient with pneumonia^ 
f Two patients with bacteremia and two patients with peritonitis. 



Table 1 0-8. 



Patients developing complications during 
the first hospital stay in group 1 and group 
2 and types of complications. The next 
question is "should cirrhotic patients with 
tense ascites be treated with repeated large- 
volume paracentesis with or without intra- 
venous albumin infusion?" In a trial from 
Barcelona [24], paracentesis plus intra- 
venous albumin was shown not to induce 
any significant changes in renal function 
tests, plasma renin activity, or plasma 
aldosterone levels. However, repeated large- 
volume paracenteses without volume 
expansion resulted in significant hypona- 
tremia, an increase in plasma renin activity 
and aldosterone concentrations, and 
impairment of renal function. [Adapted 
from Gines et al [24].) 
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Figure 10-36 
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The same study as that in Figure 10-35 comparing paracentesis 
versus paracentesis plus albumin infusion (PALB). Once again, there 
was no difference in the probability of survival between the patients 
whose ascites was treated with paracentesis and albumin and those 
without albumin infusion (P). {Adapted from Gines et al [24].) 




Figure 10-37. 



More results with paracentesis and albumin infusion. More recently, 
a single large-volume paracentesis with albumin infusion was 
demonstrated to have no significant deleterious effect on systemic 
hemodynamics and renal function. However, single total paracen- 
tesis without albumin infusion is associated with the same compli- 
cations as repeated paracentesis without albumin infusion. The atrial 
natriuretic factor (ANF) decreased and plasma renin activity (PRA) 
and plasma aldosterone (PA) levels increased significantly, indicating 
intravascular volume depletion. {Adapted from Panos et al [25].) 
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Figure 10-38. 



Central blood volume, serum sodium, and glomerular filtration 
rate before and after paracentesis. Another study in cirrhotic 
patients with refractory ascites also showed no significant change 



in central blood volume (A), serum sodium concentrations (B), 
and renal function (C) following large-volume paracentesis 
without albumin infusion. {Adapted from Peltekian et al [26].) 



TABLE 10-9, INFUSION OF ALBUMIN WITH 
LARGE-VOLUME PARACENTESIS 



No current consensus 
Unnecessary for paracenteses of < 5 L 

Albumin infusion of < 50 3 can be considered for paracenteses > 5 L 



Table 10-9. 



Infusion of albumin with large-volume paracentesis. There is some 
recent controversy over the routine use of albumin following large- 
volume paracentesis because of expense and lack of a proven 
survival advantage. The American Association for the Study of Liver 
Diseases Practice Guidelines recommend that albumin infusion 
appears unnecessary for paracenteses of <5 L. For larger volume 
paracenteses, an albumin infusion of <50 g may be considered. 
Patients treated with paracentesis still require dietary sodium 
restriction and diuretics to prevent the reaccumulation of ascites. 
{Adapted from Runyon [27].) 
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Peritoneovenous (LeVeen) Shunt 



Figure 10 - 39 . 




Peritoneovenous (LeVeen) shunt shown in place. This device consists of a perforated intra- 
abdominal tube connected through a one-way pressure-sensitive valve to a silicone tube 
that traverses the subcutaneous tissue up to the neck, where it enters the internal jugular 
vein. The lower end of the LeVeen shunt is in the peritoneal cavity. The tip of the intra- 
venous end is located in the superior vena cava. The shunt allows one-way passage of the 
ascitic fluid back into the systemic circulation. Flow in the shunt is maintained if there is a 
3- to 5-cm H2O pressure gradient between the abdominal cavity and the superior vena 
cava. A fall in the gradient will cause the valve to close, thus preventing blood from 
flowing back into the tubing. The recent advent of the transjugular intrahepatic portosys- 
temic shunt (TIPS) as an effective treatment for refractory ascites has made the perito- 
neovenous shunt obsolete, especially because it is associated with many complications. 
Therefore, peritoneovenous shunts are now restricted to the few patients with refractory 
ascites and preserved hepatic function who are not candidates for liver transplantation, 
repeat large-volume paracenteses, or TIPS insertion. 



Transjugular Intrahepatic Portosystemic Stent Shunt 




Hepatic 



Angioplasty balloon 



Portal vein 



Liver 



Tissue tract within 
liver parenchyma 



Fig 10 - 40 . 



The first design of the transjugular intrahepatic portosystemic 
shunt (TIPS). The very first TIPS was a venous shunt in the liver 
parenchyma between the portal and hepatic veins. It was initially 
devised to decompress the portal system as a treatment for 
esophageal varices. The major complication with the tissue shunt 
was shunt occlusion. {Adapted from Gordon et al. [28].) 




Figure 10 - 41 . 



Expandable flexible metal shunt prosthesis. More recently, an 
expandable flexible metal shunt prosthesis, originally designed for 
strictures of the biliary tract, has been used. This stent has proven 
to be successful in maintaining shunt patency. However, the stent 
is comparatively short and often cannot span the total distance 
between the portal vein and the extrahepatic portion of the hepatic 
vein. This results in residual hepatic vein narrowing, requiring an 
additional one or two stents in series. 
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Figure 10 - 42 . 



A 




Insertion of shunt. A, The right hepatic vein is cannulated via the 
transjugular approach. Under fluoroscopic guidance, a needle is 
passed through the cannula to puncture the liver, aiming at a main 
branch of the portal vein. Once the needle is in the portal vein, the 
cannula is advanced over the needle. B, Results of a portal 
venogram confirm that the portal vein has been entered. The 
cannula is then replaced with an angioplasty balloon, and the 
intrahepatic tract is dilated. C, The angioplasty catheter is then 
replaced with the stent, which is then deployed in the intrahepatic 
tract. A repeat venogram confirms the patency of the shunt. 





Figure 10 - 43 . 



Subsequent assessment of shunt patency. Assessment can be 
performed using Doppler ultrasound. A, The metal shunt appears 
as a bright echogenic object on ultrasound. B, Doppler measure- 
ment of shunt flow velocity of more than 100 cm/sec confirms 



shunt patency. Shunt obstruction can be managed by balloon 
dilatation of the shunt. If this is not successful, a new shunt can be 
inserted parallel to the original shunt. It is recommended that 
shunt patency assessment be performed immediately after inser- 
tion, at 1 month, and thereafter every 3 months. 
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Changes in cardiac output and systemic 
vascular resistance after the transjugular intra- 
hepatic portosystemic shunt (TIPS) proce- 
dure. TIPS originally was usecl as an alterna- 
tive treatment for patients with variceal 
bleeds who had failed sclerotherapy. It was 
observed that patients who had concomitant 
ascites either had a reduction or disappear- 
ance of their ascites. This is because TIPS is 
very effective in reducing portal hypertension. 
The successful placement of TIPS is associ- 
ated with an immediate reduction of the 
corrected sinusoidal pressure. However, there 
are also profound hemodynamic changes 
with exacerbation of the hyperdynamic circu- 
lation. Cardiac output increases significantly, 
and there is significant systemic vasodilata- 
tion immediately following TIPS placement. 
{Adapted from Azoul^y et al [29].) 




Right Pulmonary PCW 

atrial pressure artery pressure pressure 



Figure 10 - 45 * 



Right atrial pressure, pulmonary artery pressure, and pulmonary 
capillary wedge (PCW) pressure after transjugular intrahepatic 
portosystemic shunt (TIPS) insertion. In addition, pulmonary 
artery pressure almost doubles during the 9 hours after the TIPS 
insertion. This is associated with significant increases in right atrial 
pressure, suggesting significant return of volume to the pulmonary 
circulation. {Adapted from Huonkeretd. [30].) 




Post-TIPS 
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Figure 10 - 46 * 



Sodium excretion after transjugular intrahepatic portosystemic 
shunt (TIPS) insertion. Unlike the peritoneovenous shunt, natri- 
uresis is delayed for 1 to 2 weeks after the placement of a TIPS, 
until the plasma renin activity falls to within the normal range and 
the plasma aldosterone levels to below the natriuretic threshold. 
There is evidence that further activation of the sympathetic nervous 
system, counteracting the falling levels of plasma renin activity and 
aldosterone, may be responsible for the lack of natriuresis immedi- 
ately post-TIPS. {Adapted from Wong et al[3l].) 
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Figure 10 - 47 * 
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Improvement of natriuresis after trans- 
jugular intrahepatic portosystemic shunt 
(TIPS) insertion. Once begun, the natri- 
uresis continues to improve, so that at 6 
months after TIPS insertion, most patients 
are in negative sodium balance while on a 
diet restricted to 22 mmol sodium per day, 
thus allowing elimination of ascites. The 
improvement in natriuresis is maintained 
at 14 months after TIPS insertion. {Adapted 
from Wong et al [32].) 




A Pre-TIPS GFR, mL/min/1.73n^ 



Figure 10 - 48 . 



Correlation between pre-transjugular intrahepatic portosystemic 
shunt (TIPS) glomerular filtration rate (GFR) and urinary sodium 
excretion at 1 month post-TIPS. A, The natriuretic response 
following TIPS insertion is not uniform. A significant correlation 
has been found between the pre-TIPS GFR and the urinary sodium 
excretion at 1 month post-TIPS. That is, the worse the pre-TIPS 
renal function, the slower the natriuretic response post-TIPS. The 
marked exacerbation of the systemic arterial vasodilatation with 




B Age, y 



the resultant sympathetic hyperactivity observed immediately 
following TIPS insertion may lead to renal vasoconstriction and 
exacerbate any pre-existing renal dysfunction, thereby delaying 
natriuresis. B, A negative significant correlation has also been 
found between the age of the patient and the final urinary sodium 
excretion at 4 weeks. This may be related to the subtle deteriora- 
tion in renal function associated with aging. {Adapted from Wong 
etal [31].) 
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Figure 10 - 50 . 



Long-term results for transjugular intrahepatic portosystemic shunt (TIPS). When followed 
up long term, successful TIPS placement resulted in improved renal function, patient well- 
being, and positive nitrogen balance. [Adapted from Wong et al [32].) 



Figure 10 - 49 . 



Creatine clearance and transjugular intra- 
hepatic portosystemic shunt (TIPS). In 
another study assessing the effects of TIPS 
in the management of refractory ascites in 
cirrhosis, creatinine clearance was identified 
as the only pre-TIPS factor to be signifi- 
cantly and independently associated with a 
good clinical response to TIPS. [Adapted 
from Deschenes et al [33].) 




Figure 10 - 51 . 



Results of recently published randomized, controlled trials comparing 
the effects of the transjugular intrahepatic portosystemic shunt (TIPS) 
versus large-volume paracentesis as a treatment for refractory ascites. 
All four studies confirmed that TIPS is better than large-volume para- 
centesis in the control of ascites. However, only one of the studies 
showed a survival benefit. There appeared to be no difference in the 
frequency of adverse events, apart from a trend towards more severe 
encephalopathy in the TIPS arm. In the North American multicenter 
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randomized, controlled trial assessing the efficacy ofTIPS versus 
repeated large-volume paracentesis in the management of ascites, the 
results of 52 TIPS patients (mean Child-Pugh score of 9.2±1.2) were 
compared with those of 57 patients who received large-volume para- 
centesis (mean Child-Pugh score of 9.3+1. 3). A, At any time point, 
there were significantly more patients free of ascites in the TIPS arm 
compared with the total paracentesis (TP) arm. B, In this study, there 
was no difference in patient survival between the TIPS arm and the TP 
arm. {Adapted from Sanyal et al. [34].) 










TABLE 10-10. COMPLICATIONS OF 

TRANSJUGULAR INTRAHEPATIC 
PORTOSYSTEMIC SHUNT 



Shunt stenosis/occlusion 
Hepatic encephalopathy 

Worsenins of renal function in those with prior renal dysfunction 
Reappearance of ascites in noncompliant patients 
Shunt hemolysis 



Table 10-10. 



Complications of the transjugular intrahepatic portosystemic shunt 
(TIPS). Despite the potential benefits of TIPS, it is not a procedure 
without complications. These include shunt occlusion, which can 



be easily detected by Doppler ultrasound, and hepatic 
encephalopathy. Encephalopathy is significant in 30% of patients, 
and the risk is higher in those with a prior history of spontaneous 
encephalopathy and in those older than 60 years. Encephalopathy 
improves with time and can usually be controlled with lactulose. 

In a patient who has moderate renal impairment prior to TIPS 
(creatinine levels >250 pmol/L), there may be worsening of renal 
function and even precipitation of renal failure. This is thought to 
be caused by further renal vasoconstriction associated with the 
markedly activated sympathetic activity immediately after TIPS 
placement. In addition, these patients are exquisitely sensitive to 
the renal damaging effects of radiographic dye. However, there is 
recent evidence suggesting that TIPS may improve renal function in 
patients with hepatorenal syndrome. The presence of a metal pros- 
thesis within the liver also predisposes these patients to hemolysis, 
and increased bilirubin levels have frequently been observed in 
patients following TIPS placement. Dietary sodium restriction is 
mandatory after TIPS insertion to prevent reappearance of ascites. 



TABLE 10-11. CONTRAINDICATIONS IN 
PATIENT SELECTION FOR 
TRANSJUGULAR INTRAHEPATIC 
PORTOSYSTEMIC SHUNT 


Absolute contraindications 


Relative contraindications 


Hepatic encephalopathy 


Dental sepsis 


Cardiac disease 


Spontaneous bacterial 


Renal dysfunction 


peritonitis 


Noncompliance with sodium 


Hepatocellular carcinoma 


and fluid restrictions 




Hepatocellular carcinoma 





Table 10-11. 



The importance of patient selection. The transjugular intrahepatic 
portosystemic shunt (TIPS) is generally not recommended if the 
patient has a prior history of spontaneous hepatic encephalopathy, 
cardiac or renal disease, and noncompliance with sodium restric- 
tion. Dental and other foci of sepsis and bacterial peritonitis 
should be treated before TIPS insertion because infection of the 
shunt is very difficult to eradicate. The presence of a hepatoma is 
also a contraindication because the insertion of the shunt may 
disseminate the tumor. Data suggest that TlPS-associated mortality 
in Child class C patients may be increased. The International 
Ascites Club recommends that patients with pre-existing hepatic 
encephalopathy or cardiac dysfunction, older than 70 years, or 
with a Child-Pugh score <12 should not receive a TIPS. 



10-12. PREDICTORS OF EARLY MORTALITY 



Acute bleedins at the time of TIPS insertion for ascites 
Pre-TIPS encephalopathy 
ALT >100 lU/L 
Bilirubin > 3 ms/dL 



Table 10-12. 



Higher morbidity and mortality after transjugular intrahepatic 
portosystemic shunt (TIPS) placement has been observed in 
patients with very advanced liver disease, particularly in those with 
pre-existing renal dysfunction. Elderly patients also tend to fare less 
well. Predictors of early mortality include active bleeding at the 
time of TIPS insertion for ascites, a prior history of 
encephalopathy, significant jaundice (bilirubin >51 pmol/L), and 
elevated transaminases (ALT >100 lU/L). However, in the suitable 
patient, TIPS can significantly improve the quality of life. 
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Liver Transplantation 



Figure 10-52. 





B Time, y 



The development of asdtes in patients with 
dnhosis is associated with a poor prognosis. A, 

In a study by Powell and Klatskin [35] in a cohort 
of alcoholic dnhotic patients, the 5-year survival 
rate was reported as only 53% once ascites devel- 
oped. Survival fell to 33% in those who 
continued to drink alcohol. Once the ascites 
became refractory, the probability of survival fell 
to 50% at 2 years. B, In another study, the proba- 
bility of death in dniiotic patients hospitalized 
with ascites was approximately 40% at 2 years. 
Therefore; refractory ascites has inaeasin^y 
become an indication for liver transplantation; 
however, shortage of resources and donor organs 
has made this option a frustrating wait for many 
patients. Asterisk indicates P < 0.01 compensated 
vs decompensated dnhosis. (Part A adapted from 
Powell and Klatskin [35]; part B adapted from 
D'Amico eta/. [36].) 



TABLE 10-13. POOR PROGNOSTIC INDICATORS 

OF SURVIVAL IN CIRRHOTIC PATIENTS WITH ASCITES 



Mean arterial pressure 


< 82 mm Hs 


Urinary sodium excretion 


<1.5 mEq/d 


Glouierular filtration rate 


< 50 mL/min 


Plasma norepinephrine 


> 570 ps/mL 


Nutritional status 


Poor 


Hepatomesaly 


Present 


Serum albumin 


<28 s/L 



Table 10-13. 



Various studies have assessed the prognostic 
value of predictors of survival in cirrhotic 
patients with ascites. Llach et al. [37] found 
seven independent prognostic indicators: 
mean arterial pressure, urinary sodium excre- 
tion, glomemlar filtration rate, plasma 
norepinephrine, nutritional status, 
hepatomegaly, and semm albumin. These 
findings indicate that parameters of systemic 
hemodynamics, renal and hepatic funaion, 
and nutritional status should be considered 
in the seleaion of patients for liver trans- 
plantation. (Adapted from Llach eta/. [37].) 




A Time, wk 




Figure 10-53. 



Survival of patients with progressive functional renal failure. A, 
Liver transplantation should be performed before there is any signifi- 
cant deterioration of renal function because once hepatorenal 
syndrome develops, the median survival is only 1.7 weeks. B, 
Furthermore, the probability of survival after liver transplantation in 
cirrhotic patients with ascites is significantly less in those with preop- 
erative functional renal failure. In fact, earlier studies using multi- 
variate analyses of etiology and liver and renal function tests 

Atlas of the Liver 



found that the worst prognostic indicator for post-transplant 
morbidity and mortality was an elevated semm creatinine level. In 
the future, living related liver transplants will become more common, 
patients with ascites may be able to be transplanted before any of 
these poor prognostic indicators develops, and the timing of listing 
will be revised according to clinical need and local facilities. (Part A 
adapted from Gines et al [38]; part B adapted from Foms et al [39].) 
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I SPONTANEOUS BACTERIAL PERITONITIS 




Figure 10-54. 



Spontaneous bacterial peritonitis (SBP) is a 
clinical syndrome in which ascites becomes 
infected in the absence of a recognizable 
cause of peritonitis. During the past decade, 
the apparent increase in incidence may have 
been caused by greater recognition. Routine 
paracentesis has documented a 10% to 27% 
prevalence of SBP at the time of hospital 
admission for patients with ascites. If diag- 
nostic paracentesis is properly done, it is 
highly unlikely that infertion is introduced. 
A, Risk of developing SBP. B, Probability of 
being free from SBP in cirrhotic patients 
with ascites. 
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Figure 10-55* 



Recent publications suggest that sponta- 
neous bacterial peritonitis is the result of 
translocation of bacteria across the 
gastrointestinal epithelium into the 
lymphatics and then into the peritoneal 
cavity with seeding of susceptible ascites. 
Intestinal hypomotility appears to favor 
bacterial overgrowth and bacterial translo- 
cation. Decompensated and especially 
jaundiced cirrhotic patients have impaired 
reticuloendothelial function with reduced 
phagocytic activity, low ascitic fluid protein 
concentration, and opsonin activity, all of 
which predispose the patient to sponta- 
neous infection within the ascites. RES — 
reticuloendothelial system. 



Clinical Features 



TABLE 1 0-1 4. CLINICAL FEATURES OF SPONTANEOUS 
BACTERIAL PERITONITIS 



Sisnificant fever 
Chills 

Abdominal pain 
Abdominal tenderness 
Reduced bowel sounds 



Worsenins encephalopathy 
Worsenins of ascites 
Hypotension 
Asymptomatic 



Table 10-14* 



The clinical features of spontaneous bacterial peritonitis are quite 
variable, and the diagnosis requires a high index of suspicion. 
These features can range from the classical picture of fever, chills, 
generalized abdominal pain, and absent bowel sounds to one of a 
totally asymptomatic patient. Frequently, patients present with 
worsening of liver function or hepatic encephalopathy. {Adapted 
from Hoefs and Runyon [40].) 
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Diagnosis. 



TABLE 10-15. DIAGNOSIS OF SPONTANEOUS 
BACTERIAL PERITONITIS 



Standard criterion-PMN cell count > 250/ jxL 
Culture negative neutrocytic ascites - SBP 

Monomicrobial non-neutrocytic bacterascites-positive culture + 
PMN count < 250ptL 



Table 10-15. 



The diagnosis of spontaneous bacterial peritonitis (SBP) is made 
by paracentesis. The standard criterion is the ascitic polymor- 



phonuclear (PMN) cell count. A PMN count of greater than 250 
cells/pL is diagnostic. This count has a sensitivity of 84%, speci- 
ficity of 93%, and diagnostic accuracy of 90%. A variant of SBP 
known as culture-negative neutrocytic ascites encompasses cases in 
which all cultures are negative in a patient in whom there is an 
ascitic fluid PMN count of >250 cells/pL. These cases carry the 
same unfavorable prognosis as culture-positive SBP. Another 
variant of SBP is monomicrobial non-neutroqTic bacterascites. In 
this scenario, the ascitic PMN count is <250 cells/pL, but the subse- 
quent ascitic culture is positive. It is not known whether this repre- 
sents an early stage of SBP. It is recommended that the patient 
undergo repeat paracentesis. If either the ascitic culture is again 
positive or the PMN count is >250 cells/pL, the patient should be 
treated as presumed SBP. 




Figure 10-56* 



Gram stain of ascitic fluid. A, Gram stains of ascitic fluid are only 
positive in 10% to 50% of infected patients and therefore not gener- 
ally recommended. B, Gultures may take up to 48 hours to become 
positive. The percentage possibility is maximized by injection of 10 
mL of ascitic fluid directly into blood culture bottles at the bedside. 




Organisms Isolatgd 



TABLE 10-16. ORGANISMS ISOLATED IN SPONTANEOUS 
BACTERIAL PERITONITIS 



Gram-negative Gram-positive 

BACILLI (70%) Anaerobes (5%) organisms (25%) 



Escherichia coli Bacteroides 

Kiebsiella Clostridia 

Citrobacter freundii Lactobacilius 

Proteus 
Enterobacter 



Streptococcus viridans 
Group D Streptococcus 
Streptococcus pneumonia 
Staphylococcus aureus 



Table 10-16. 



Many cases of spontaneous bacterial peritonitis (SBP) are caused by miaoorganisms of 
intestinal origin. Nonenteric organisms are only responsible for 20% of episodes of SBP. 



Gram-negative bacilli overall account for 
70% of all patients. Escherichia coli is the 
most common pathogen isolated and is 
found in 50% of patients. Other gram-nega- 
tive organisms include Klebsiella species, 
Citrobacter freundii, Proteus, djid Enterobacter. 
Gram-positive organisms are responsible for 
25% of cases and include Streptococcus pneu- 
moniae, Streptococcus viridans, group D strep- 
tococci, and Staphylococcus aureus. Anaerobic 
organisms are uncommon causes of SBP 
because the oxygen tension in the ascitic 
fluid is too high for their survival. Among 
these organisms, Bacteroides species appear 
to be more common than other anaerobes. 
A small percentage of cases are polymicro- 
bial, and every effort should be made to 
look for an underlying cause of the infec- 
tion in such cases. 



248 



Atlas of the Liver 










Treatment 



Table 10 - 17 . 



TABLE 10-17. TREATMENT FOR SPONTANEOUS 
BACTERIAL PERITONITIS 



Cefotaxime Less nephrotoxic 

Broad spectrum 
2 g, 8 hourly 

Cefoxitine Enterococcal cover 

1 3 , 6 to 8 hourly 

Aztreonam 500 m 3 , 8 hourly 

Amoxrdllin-clavulanic acid 1 3 amoxicillin and 200 m 3 

clavulanic acid, 6 hourly 

Do not use aminoglycosides because they can precipitate 
renal failure 

Do not wait for culture results 
Prompt treatment reduces mortal tty 



Spontaneous bacterial peritonitis (SBP) is a severe infective compli- 
cation of ascites. If untreated, it has a mortality rate of 50%. 
Therefore, antibiotic therapy should be given immediately after a 
diagnostic polymorphonuclear (PMN) cell count is available, 
without waiting for culture results. Cefotaxime, a new broad-spec- 
trum third-generation cephalosporin, is now recognized as the treat- 
ment of choice for SBP. It is effective in 85% of patients, and the inci- 
dence of nephrotoxicity is negligible with the therapeutic doses used. 
Its spectrum includes most organisms responsible for SBP. The 
recommended dose is 2 g every 8 hours. Cefoxitin provides good 
cover for enterococcal infections, whereas newer antibiotics, 
including amoxicillin-clavulanic combinations and aztreonam, also 
are adequate. However, the number of patients in the studies 
assessing the efficacy of these antibiotics is small. Aminoglycosides 
should never be used in cirrhotic patients because the risk of nephro- 
toxicity is high and the development of nephrotoxicity is not related 
to serum concentrations. The ascitic fluid PMN count should 
decrease rapidly once treatment is given, normalizing within 48 
hours, together with a parallel clinical improvement. 



TABLE 10-18. TREATMENT OF SPONTANEOUS BACTERIAL PERITONITIS 




5-day course 


1 0-DAY COURSE 


Patients, n 


43 


47 


Days of hospitalization 


31 ±38 


50 ±68 


Recurrence of infection 


5 


6 


Hospital mortality 


14 


20 


Drug and administration 


259 ± 34 


486 ±117 


costs/patient 







Table 10 - 18 . 



Recently, two studies demonstrated that 5 
days of cefotaxime is an adequate course of 
therapy. The mortality and recurrence rates 
were similar to those in patients receiving 
10 days of therapy. The cost of this treat- 
ment can therefore be significantly reduced 
by shortening the hospital stay. [Adapted 
from Runyon et al [41].) 




Figure 10 - 57 . 



Deterioration of renal function can complicate the course of spon- 
taneous bacterial peritonitis (SBP). The worse the baseline renal 
function, the higher the risk of further renal impairment during the 
episode of SBP. Renal insufficiency, once it develops, is a poor 
prognostic indicator in SBP patients. In the only study that 
assessed the effect of albumin infusion on renal function and 
survival in patients with SBP, Sort et al [42] randomized 126 
patients to receive either cefotaxime or cefotaxime with albumin. 
Albumin was given at a rate of 1.5 g/kg body weight within 6 
hours of detection of SBP, followed by 1 g/kg on day 3, and this 
regimen was compared with antibiotic treatment alone. The results 
showed that albumin infusions prevented the rise in renin, 
decreased the incidence of renal failure, and improved mortality 
from 29% to 10%. Patients with a baseline elevated blood urea 
nitrogen (BUN) concentration derived the most benefits from the 
albumin infusion. It is unclear whether albumin infusions were 
necessary in patients with baseline BUN <30 mg/dL. [Adapted from 
Sort eta/. [42].) 



Complications of Cirrhosis: Ascites and Spontaneous Bacterial Peritonitis 



249 










Secondary Versus Spontangous Bacterial PeritQniti& 



Table 10-19. 



TABLE 10-19. SECONDARY VERSUS SPONTANEOUS 
BACTERIAL PERITONITIS 



Orsanisms 

Ascitic protein count 

Ascitic slucose 
concentrations 

Response to treatment 

(1 ) Polymorphonuclear cell 
count 

(2) Ascitic culture 



Secondary bacterial 

PERITONITIS 

Multiple 
> 1 3/dL 
< 50 ms/dL 

Continues to rise despite 
treatment 

Remains positive 



Spontaneous bacterial 

PERITONITIS 

Single 
< 1 s/dL 

Approximate simultaneous 
serum value 

Falls exponentially 
Rapidly becomes sterile 



Treatment failure occurs in about 10% of 
spontaneous bacterial peritonitis episodes. 
Secondary bacterial peritonitis should be 
considered as a differential diagnosis if the 
following features are present: 1) multiple 
organisms are grown from the ascitic fluid; 
2) ascitic fluid protein concentration is >1 
g/dL; 3) polymorphonuclear cell count 
remains high despite appropriate antibiotic 
therapy. In such cases, radiographic exami- 
nation is required to exclude perforation of 
the gastrointestinal tract. 



Predictors of Infection Resolution 



TABLE 10-20, PREDICTORS OF INFECTION 

RESOLUTION IN SPONTANEOUS 
BACTERIAL PERITONITIS 



Band neutrophil in the leukocyte count 
Blood urea nitrogen 
Serum aspartate aminotransferase 
Hospital- versus community-acquired infection 



Table 10-20. 



In a study that includes 213 consecutive episodes of spontaneous 
bacterial peritonitis in 185 cirrhotic patients, a multivariate 
analysis identified four independent predictors of infection resolu 
tion: band neutrophils in the leukocyte count, blood urea 
nitrogen, serum aspartate aminotransferase, and hospital- versus 
community-acquired infection. {Adapted from Toledo et at. [43].) 



Recurrence 




Figure 10-58. 



Recurrence of spontaneous bacterial peritonitis (SBP). A, Because 
the underlying predisposing factors remain unchanged despite 
adequate antibiotic therapy, SBP recurs frequently in cirrhotic 
patients. The probability of recurrence has been estimated to be 
43% at 6 months, 69% at 1 year, and 74% at 2 years. Three 




B Time, mo 



parameters have been identified as predictors for SBP recurrence: 
serum bilimbin of greater than 4 mg/dL (B), a prothrombin time 
of <45% of control (C), and an ascitic fluid protein concentration 
of ^ g/dL (D). {Adapted from Tito et al. [44].) 

{continued on next page) 
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Figure 10 - 58 . {continued) 




Prophylaxis 




Figure 10 - 59 . 



Norfloxacin for reducing risk of spontaneous bacterial peritonitis (SBP) recurrence. 

Various therapeutic modalities have been tried to reduce the risk of recurrence. Diuretic 
therapy has been shown to increase ascitic protein content and opsonin activity, but not to 
influence outcome. Selective intestinal decontamination to eliminate aerobic gram-nega- 
tive bacilli with oral nonabsorbable antibiotics has proved to be effective in reducing the 
recurrence of SBP. Norfloxacin (400 mg/d) was shown to be significantly better than 
placebo in reducing the incidence of recurrence of SBP. It is the dmg of choice because it 
has the advantages of rarely causing bacterial resistance and of having a low incidence of 
side effects when administered chronically. {Adapted from Gines et al [45].) 



TABLE 10-21. SECONDARY PROPHYLAXIS 
FOR SPONTANEOUS 
BACTERIAL PERITONITIS 



Trimethoprim/sulfamethoxazofe 160/800 ms/d 
Ciprofloxacin, sinsle weekly dose of 750 mg 



Table 10 - 21 . 



Trimethoprim/sulfamethoxazole (160/800 mg/d) as an alternative 
secondary prophylaxis against the recurrence of spontaneous 
bacterial peritonitis (SBP). It may also confer greater gram-positive 
coverage [46], Ciprofloxacin, at a single weekly dose of 750 mg, is 
also effective in preventing the recurrence of SBP without selecting 
resistant flora [47], 



TABLE 10-22. PROPHYLAXIS IN PATIENTS WITH 

GASTROINTESTINAL HEMORRHAGE 



No ANTIBIOTICS ImIPENEM/CIIASTATIN 

Early bacteremia 5/58 (8.6%) 1 /57 (1 .8%) 

Late bacteremia 25/1 07 (23 .4%) 1 8/88 (20.5%) 



Table 10 - 22 . 



Prophylaxis in patients with gastrointestinal hemorrhage. Cirrhotic 
patients with upper gastrointestinal bleeding are at a high risk for 
developing severe bacterial infections, including spontaneous 
bacterial peritonitis (SBP), within the first days of the hemorrhagic 
episode. One randomized, controlled trial using norfloxacin 400 
mg twice daily for 7 days showed a significant reduction in both 
bacteremia and SBP [48]. 
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Figure 10-60 



Rimola [85] 
Soriano [92] 
Blaise [94] 
Pauwels [96] 
Hsieh [98] 
Total 

Risk difference 




Meta-analysis of survival. A meta-analysis also reported that antibiotic 
prophylaxis was effective in improving survival in cirrhotic patients 
with gastrointestinal hemorrhage. Short-term inpatient prophylaxis 
therefore is recommended for these patients. Bilateral Cl, 95% for 
trials, 95% for meta-analysis. [Adapted from Bernard et al [49].) 





Figure 10-61^ 



Change in causative organisms in recurrent episodes of sponta- 
neous bacterial prophylaxis (SBP). The use of antibiotic prophy- 
laxis in patients who have had an episode of SBP has led to a 
change in the causative organisms in recurrent episodes of SBP. 
Quinolone-resistant gram-negative organisms are now replacing 
gram-positive organisms as the cause of recurrent SBP while on 
prophylaxis. [Adapted from Fernandez a/. [50].) 




Figure 1 0-62. 



Resistance to therapy. Many quinolone-resistant gram-negative 
organisms are also resistant to trimethoprim-sulfamethoxazole. 
Fortunately, Escherichia coli resistant to quinolones is still sensi- 
tive to third-generation cephalosporins. The high incidence of 
quinolone- and trimethoprim-sulfamethoxazole-resistant 
strains of E. coli isolated in cirrhotic patients on antibiotic 
prophylaxis underlines the importance of restricting the admin- 
istration of prophylactic antibiotics only to those patients at the 
greatest risk of spontaneous bacterial peritonitis. {Adapted from 
Fernandez etfll. [50].) 
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Pro-snasis 




Figure 10-63. 



Prognosis. Despite successful treatment of spontaneous bacterial 
peritonitis, the underlying predisposing factors, including liver 
dysfunction and portal hypertension, remain unchanged; there- 
fore, the prognosis remains poor for these patients. The cumulative 
survival rate has been reported to be less than 20% at 2.5 years. 
[Adapted from Tito et al [44].) 
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Blood urea nitrosen 
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Ase 

Push score 
Ileus 
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Predictors of survival following spontaneous bacterial peritonitis 
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Bleeding Varices and 
Hepatic Encephalopathy 



Portal hypertension is a major cause of morbidity and mortality 
associated with cirrhosis of the liver. This chapter provides a 
pictorial review of the key clinical aspects of portal hyperten- 
sion, variceal hemorrhage, and hepatic encephalopathy The 
reader will be led sequentially through the clinical features, 
natural history, pathophysiology, and management options for 
these important complications of cirrhosis. 
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I PORTAL HYPERTENSION 




Figure 11-1. 



The portal venous system. The portal venous system contributes 
approximately 70% of the blood supplied to the liver and is 
formed by the confluence of the superior mesenteric vein and the 
splenic vein. It drains blood from the splanchnic bed to the liver, 
which is drained by hepatic veins into the inferior vena cava. 

The tributaries of the portal vein normally communicate with 
tributaries of veins draining directly into the systemic circulation 
[1]. The watershed zones where such communications exist 
include 1) the gastroesophageal junction, 2) the anal canal 
(confluence of superior and middle hemorrhoidal veins), 3) the 
falciform ligament (paraumbilical veins), 4) the splenic venous 
bed and the left renal vein, and 5) the retroperitoneum. 

Under normal circumstances, very little shunting of portal 
venous blood into the systemic circulation occurs via portosys- 
temic collaterals. In the presence of portal hypertension, however, 
these veins dilate and allow a large amount of blood to bypass the 
liver and be shunted from the portal vein to the systemic circula- 
tion. Clinically, the most significant of these shunting collaterals 
are gastroesophageal varices, which are a major cause of the 
morbidity and mortality associated with portal hypertension and 
cirrhosis. Nitric oxide is believed to be a key mediator of the 
vasodilator associated with cirrhosis. 




Figure 11-2. 



Measurement of portal hypertension. Portal hypertension is 
defined by a portal pressure greater than 5 mm Hg. Portal pressure 
equals portal venous infiow X outfiow resistance. The gold-stan- 
dard for the measurement of portal hypertension is hepatic venog- 
raphy [2]. The measurement of the wedged hepatic venous pres- 
sure (WHVP) and free hepatic venous pressure (FHVP) by hepatic 
vein catheterization is the procedure most commonly used to 
determine portal pressure indirectly because it is simple and safe. 
During this procedure, a balloon catheter is passed into the hepatic 
vein and the following parameters are measured: FHVP = pressure 
in the hepatic vein measured with balloon defiated; WHVP = pres- 
sure in the hepatic vein measured with the balloon inflated to 
occlude the hepatic vein; hepatic venous pressure gradient (HVPG) 
= WHVP - FHVP. The HVPG represents the pressure in the hepatic 
sinusoids and portal vein and is a measure of portal pressure. 



I VARICEAL HEMORRHAGE 



Figure 11-3. 



Natural history of esophageal varices. Approximately 30% of patients with compensated 
cirrhosis and 60% of patients with decompensated cirrhosis have esophageal varices [3]. 

In those without varices, the risk of de novo varix development is about 5% to 20% annu- 
ally [4]. One third of all patients with varices experience variceal hemorrhage. Each 
episode of bleeding is associated with a 20% to 30% risk of mortality. Seventy percent of 
patients who survive the initial bleed will experience recurrent variceal hemorrhage within 
1 year if left untreated [5,6]. 
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Figure 11-4. 



Gastroesophageal varices. Clinically, varices are classified by their less than one third of lumen. C, Large, coil-shaped, occupies more 
location as esophageal or gastric. Esophageal varices are graded by than one third of lumen, 
their size. A, Small straight varices. B, Enlarged, tortuous, occupies 





Figure 1 1 -5. 



Factors affecting risk of esophageal variceal hemorrhage. Varices 
develop when the hepatic venous pressure gradient exceeds 12 mm 
Hg. However, the risk of bleeding is not linearly related to portal 
pressures, indicating that other factors are also important. 

A, Varix size and location. The likelihood of variceal mpture is also 
direcdy related to its diameter because the wall tension is directly related 
to its radius. Varices at the gastroesophageal junction and palisade zone 
are located more superficially within the wall of the esophagus. 
Consequently, they have a thinner coat and are most likely to bleed. 

Several endoscopic features of esophageal varices have been 
shown to predict the risk of hemorrhage. Together, these are often 
referred to as "red signs" owing to their color. 



B, Red wheal marks. These are longitudinal red streaks on 
varices that resemble red corduroy wales. Cherry red spots are 
discrete red cherry-colored spots that are flat and overlie varices 
(not shown). C, Hematocystic spots. These are raised discrete red 
spots overlying varices and resemble "blood blisters." Diffuse 
erythema (not shown) denotes a diffuse red color of the varix. 
Finally, fibrin plugs are known as the White nipple sign. 

Patients with more advanced liver failure are more likely to 
experience variceal hemorrhage. Tense ascites is also an important 
risk factor for variceal hemorrhage [7,8]. 
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Figure 1 1 -6. 



Classification of gastric varices. 

Gastric varices are classified primarily by their location. A, 
Gastroesophageal varices (GOV) occur in continuity with 
esophageal varices. Type I varices (GOV I) are found along the 
lesser curve (usually 2-5 cm in length) in 70%; only 11% bleed 
Type II (GOV II) varices are found along the greater curve 
extending toward the fundus of the stomach. 



B, Isolated gastric varices (IGV).Type I (IGV I) is an isolated 
cluster of varices in the fundus of the stomach. Approximately 8% 
to 80% bleed severely (bleeding from IGV I occurs at lower portal 
pressures than those seen in nonbleeding subjects with esophageal 
varices). C, Type II (IGV II): isolated gastric varices found in other 
parts of the stomach [9,10]. 




Figure 11-7^ 



Factors affecting risk of gastric variceal hemorrhage. Recently, the 
risk of bleeding from type I isolated gastric varices was shown to 
correlate with the size of the varix (>10 mm), Ghild class, and the 
presence of a red spot on the varices. Based on these findings, a 
prognostic index (PI) was calculated: 

Prognostic index = 0.53 (Ghild class) + 0.78 (varix size) + 0.72 
(red spot) where Ghild class A = 0; B = 1; G = 2; the varix size 
scored as small (< 5mm) = 0, medium (5 to 10 mm) = 1, and large 
(>10mm) = 2; and red spot scored as absent = 0; present = 1. The 
risk of bleeding correlated directly with the prognostic index [11]. 
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Figure 11-8* 



Use of P-blockers for primary prophylaxis of variceal hemorrhage. All patients with cirrhosis 
should undergo saeening endoscopy. Those with F2 to F3 varices, especially those with red 
signs, should be considered for primary prophylaxis of variceal hemorrhage. Pharmacologic 
therapy with nonselective P-blockers is the current standard of treatment for primary preven- 
tion of hemorrhage from esophageal varices. They are splanchnic vasoconstriaors that 



decrease portal pressure by decreasing portal 
venous inflow. Propanolol and nadolol are 
the two most studied p-adrenergic antago- 
nists. Meta-analyses showed that P-blockers 
reduce the index bleed by approximately 
45% and also decrease bleeding mortality by 
50%. [12]. However, this is not accompanied 
by an overall improvement in survival. 
Approximately 20% of patients do not 
respond to P-blockers [13] and an addi- 
tional 20% are unable to tolerate P-blockers. 
Risk factors associated with high failure 
include smaller decrement in resting heart 
rate, younger age, advanced liver failure, 
large variceal size, and lower doses of P- 
blockers. Over time, many patients also 
develop tachyphylaxis due to increased 
veno-collateral resistance within the liver. 

The side effects of P-blockers include precipi- 
tation or worsening of congestive heart 
failure, sinus bradycardia, increased airway 
resistance, exacerbation of peripheral 
vascular disease, and facilitation of hypo- 
glycemia, depression, fatigue, and sexual 
dysfunction. (Full citations for the studies 
cited in this figure are located in Sanyal and 
Shiffman [13a].) 




Figure 11-9. 



Use of nitrates plus P-blockers for primary prophylaxis of variceal hemorrhage.Nitrates are 
not recommended as monotherapy for primary prophylaxis of variceal hemorrhage. But a 
combination of isosorbide mononitrate (ISMN) with a nonselective P-blocker has a syner- 
gistic effect on portal pressures. Clinical trials have shown combination therapy to be 
superior to P-blockers alone. Such benefits are most pronounced in those with relatively 
preserved liver function. The use of combination therapy is usually restricted to such indi- 
viduals or those who do not have a sustained improvement in hepatic venous pressure 
gradient after starting P-blockers [14]. 



TABLE 11-1, OUTCOME OF ENDOSCOPIC THERAPY 
FOR PRIMARY PROPHYLAXIS 


Outcome 


RR 


RR 

Reduction, 

% 


NNT 


First bleed 


0.36 


64 


4 


Bleed-related mortality 


0.2 


80 


7 


All-cause mortality 


0,55 


45 


5 



Table 11-1, 



Outcome of endoscopic therapy for primary prophylaxis. The use 
of endoscopic sclerotherapy (EST) for primary prophylaxis has 
been discontinued because a large multicenter trial showed 
increased mortality in those undergoing EST. Conversely, 
compared with no treatment, endoscopic variceal ligation (EVE) 
decreases the risk of index bleeding by 64% and overall mortality 
by 45% [15]. Compared with P-blockers, EVE reduces the risk of 
bleeding by about 52% but this does not translate to a survival 
advantage. EVE is currently recommended for those with large 
varices who cannot tolerate pharmacologic treatment. There are 
currently no published data comparing a combination of P- 
blockers with band ligation to either P-blockers or EVE alone. 

A recent randomized controlled trial compared variceal band 
ligation (VBL), propranolol (PPL), and isosorbide-5-mononitrate 
(ISMN) in the prevention of first esophageal variceal bleed. Over a 
6-year period, VBL was equivalent to PPL and superior to ISMN in 
preventing first variceal bleed. There were no statistically significant 
differences in mortality rates in the three groups and the side-effect 
profile for pharmacotherapy was considerable [16]. 
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Figure 11-10. 



Active hemorrhage from an esophageal varix. The risk of death is 
highest early after variceal hemorrhage and declines thereafter to 
baseline values by week 6. The mortality during this period is 
related to continued hemorrhage, early rebleeding, development of 
complications, and liver failure. 




Figure 11-11* 



Modalities of treatment available. Effective control of bleeding can 
be achieved by several methods. These include pharmacologic 
intervention with either somatostatin or its analogues, endoscopic 
sclerotherapy, or variceal band ligation. In practice, both pharma- 
cologic and endoscopic therapy are used concomitantly. 



TABLE 1 1 


-2. RESULTS OF PHARMACOLOGIC TREATMENT OF VARICES 


Results of studies on pharmacologic treat- 


Study* 


Initial Hemostasis, 
VP vs SS (%) 


Mortality, VPvsSS 

(%) 


Adverse Effects, VP 
vs SS (%) 


ment. Somatostatin (SS) inhibits the release 
of vasodilator hormones, such as glucagon, 
indirectly causing splanchnic vasoconstric- 
tion and decreased portal inflow. SS is as 


Kravetz 


74 vs 87 


45 vs 47 


26vs0 


effective as vasopressin (VS) in control of 


the bleeding and has a lower risk of adverse 


Jenkins 


33 vs 100 


33 vs 20 


17vs0 


effects [18]. The beneficial effects of SS over 


Bagarini 


28 vs 68 


28 vs 4 


OvsO 


VS have made SS the pharmacologic treat- 


Saari 


57 vs 84 


36 vs 34 


14vs0 


ment of choice for active bleeding even 


Hwang 


54 vs 88 


50 vs 46 


OvsO 


though these beneficial effects on bleeding 
have not been shown to improve survival. 


Huang 


62 vs 75 


43 vs 25 


OvsO 


Because circulating SS has a half-life of only 


*Fuit citations are located in Imperiale eial [181 




a few minutes, its longer acting analogue, 
octreotide, is used more often. 
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Figure 11-12. 
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Octreotide for active variceal hemorrhage. Octreotide is as good or 
better than vasopressin (VP) and better than placebo for control of 
active variceal hemorrhage. It is also associated with very few side 
effects. This forms the basis for its use in active variceal hemor- 
rhage. Although there is some controversy over the relative efficacy 
of octreotide versus that of somatostatin (SS), the use of octreotide 
with endoscopic variceal ligation (EVL) or endoscopic scle- 
rotherapy (EST) has been found to be superior to either EVL or EST 
alone in terms of achieving hemostasis or prevention of early 
rebleeding. However, no change in overall mortality has been 
demonstrated with either somatostatin or octreotide [19]. (Full cita- 
tions for the studies cited in this figure are located in Corley et al [19].) 








[D 



Figure 11-13. 



Endoscopic variceal ligation (EVL). The 
varix is sucked into the endoscopic ligator 
and a rubber band is released. This strangu- 
lates the vark and produces a fibrotic oblit- 
eration of the varix. EVL is associated with 
fewer complications, less blood transfu- 
sions, and earlier variceal obliteration (less 
sessions required) compared with endo- 
scopic sclerotherapy (EST). There is a trend 
toward improved survival compared with 
EST [20]. A, Before EVL. B, During EVL. C, 
After EVL. D, Seven days after EVL. [Courtesy 
0 / Anastasios Mihas, McGuire Veterans 
Affairs Medical Center, Richmond, VA). 
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Figure 11-14. 
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Endoscopic sclerotherapy (EST) for acute variceal hemorrhage. 

Pooled odds ratios and 95% confidence limits from a meta- 
analysis of studies comparing sclerotherapy and various other treat- 
ments of acute esophageal variceal hemorrhage are shown. EST is 
highly effective in achieving hemostasis (70% to 90%) and 
decreasing the risk of early rebleeding (20% to 30%) compared 
with vasopressin or balloon tamponade. EST is as effective as 
somatostatin or octreotide but less effective then combination 
therapy. Unfortunately endoscopic sclerotherapy has a 10% to 30% 
complication rate and a 0.5% to 2% mortality rate. EST and endo- 
scopic variceal ligation (EVE) are comparable in terms of efficacy 
when used for active variceal hemorrhage. EVL versus EST has less 
rebleeding rate, mortality rate, and incidence of complication; 
however, in cases of severe bleeding, limitation of the field of vision 
makes EVL more challenging. [Adapted from D'Amico et al [21].) 




Figure 11-15. 



Transjugular intrahepatic portosystemic shunts (TIPS). Approximately 10% to 20% of patients 
either continue to bleed despite first-line therapy or experience early rebleeding. Such patients 
are at great risk of dying and must be considered for a salvage procedure quickly. 

The TIPS is used to create a low-resistance channel between the hepatic vein and the 
intrahepatic portion of the portal vein by deployment of an expandable metal stent. TIPS 
functions like side-to-side surgical portacaval shunts, but its placement does not require 
anesthesia and major surgery. TIPS can be performed successfully in over 90% of cases and 
achieves hemostasis in over 90% of cases. It also has been shown to improve survival in 
this group of very sick individuals [22]. Thus, TIPS is the procedure of choice for salvage 
therapy in high-risk individuals who continue to bleed or have severe early rebleeding 
after first-line therapy. 




Figure 11-16* 



Effects of transjugular intrahepatic portosystemic shunt (TIPS) on 
portal hypertension. The effects of TIPS on hepatic venous pressure 
gradient (HVPG) are shown in a cohort of subjects followed 
prospectively for 5 years [23]. Immediately following TIPS, the 
HVPG decreased to about 12 mm Hg. However, by 6 months the 
mean HVPG returned to baseline in most subjects. With interven- 
tion, the HVPG was corrected but recurrent portal hypertension 
developed by 1 year. This pattern was seen up to 3 to 4 years. 
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Figure 11 -17* 



Pseudointimal hyperplasia after transjugular intrahepatic portosys 
temic shunt (TIPS). Creation of a TIPS results in a neovasculariza- 
tion response from the liver in which endothelial cells and 
mesenchymal cells migrate to the shunt wall where they form a 
pseudointimal lining of endothelial cells supported by a collage- 
nous matrix [24]. Unrestrained pseudointima formation leads to 
impingement of the shunt lumen and shunt stenosis. This is the 
most common cause of recurrent portal hypertension after TIPS. 





Figure 11-18. 



Hemolytic anemia after transjugular intra- 
hepatic portosystemic shunt (TIPS). 
Approximately 10% of subjects develop 
intravascular hemolysis within 2 to 3 weeks 
of TIPS placement. The anemia is usually 
mild and results in a 1- to 2-g drop in 
hemoglobin with a rise in indirect 
bilirubin. Occasionally the hemolysis can 
be severe. The peripheral smear (A) shows 
schistocytes and the hemolysis is related to 
mechanical stress due to the shunt (B). The 
hemolysis subsides once a pseudointima 
develops [25,26]. 
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Figure 11-19. 



Infective endotipsitis. Sanyal and Reddy [27] described this uncommon complication of 
transjugular intrahepatic portosystemic shunt (TIPS) based on the occurrence of fever with 
positive blood cultures and either a thrombus or vegetations on the stent or persistent 
bacteremia in a patient with TIPS and no other detectable source of infection despite an 
extensive search. 
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FtGURE 1 1 - 20 . 



Surgical shunts. The surgical options available for acute variceal 
bleeding consist of shunt or nonshunt operations. Shunt opera- 
tions decompress the portal system and are total, partial, or selec- 
tive. Total shunts redirect all portal blood away from the liver and 
are highly effective in terminating active bleeding and preventing 
future bleeds. Partial shunts preserve some hepatic portal perfusion 
and in turn reduce the rates of encephalopathy and liver failure. 



Nonetheless, the incidence of early shunt thrombosis is relatively 
high. Selective shunts divide the portal system into decompressed 
variceal compartment and a hypertensive superior mesenteric- 
portal vein compartment. The most prominent selective shunt is 
distal splenorenal shunt (DSRS), which maintains a certain degree 
of liver perfusion and avoids dissection of the hilus, and therefore 
does not interfere with subsequent liver transplantation. 
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Figure 11 - 21 . 



Surgical shunt versus endoscopic sclerotherapy (EST) for variceal 
hemorrhage. Surgical shunts are associated with less rebleeding 
compared with EST. However, this does not translate to a survival 
advantage. These considerations have relegated the use of surgery 
mainly as salvage therapy [28,29]. 




Management of active variceal bleeding. 

Management of active variceal bleeding includes hemodynamic 
resuscitation, prevention and treatment of complications, and 
halting the bleed. Somatostatin, octreotide, or terlipressin may be 
started in the emergency room and given in conjunction with 
endoscopic sclerotherapy (EST) or endoscopic variceal lavage 
(EVE). Those in whom first-line therapy fails should be stabilized 
and a definitive procedure (transjugular intrahepatic portosystemic 
shunt [TIPS] for high-risk cases and TIPS or surgery for average risk 
cases) performed quickly. 
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Figure 1 1 - 23 . 
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Prevention of rebleeding (secondary prophylaxis). This meta- 
analysis compares nonselective P-blockers as secondary prevention 
suggests that p-blockers reduce the risk of bleeding by approxi- 
mately 40% and risk of death by 20%. Overall, endoscopic scle- 
rotherapy (EST) is associated with a lower rebleed rate than P- 
blockers, but the effects of these therapies on mortality are similar. 
Recent studies indicate that endoscopic variceal lavage (EVL) is at 
least as effective as P-blockers for prevention of recurrent variceal 
bleeding. Combination pharmacologic therapy has been shown to 
be more effective than EST or EVL in two studies of patients with 
well-preserved liver function from the same center. [30]. In two 
other studies, combination therapy was found to be equivalent to 
those undergoing EVL. The potential role of combination therapy 
is evolving and it may become an alternative to EVL for the preven- 
tion of recurrent variceal hemorrhage. 




Figure 11 - 24 * 



The role of transjugular intrahepatic portosystemic shunt (TIPS) 
versus endoscopic therapy for prevention of rebleeding. TIPS 
decreases the risk of recurrent bleeding more effectively than endo- 
scopic therapy. However, this is not associated with a survival 
advantage. There is also an increased risk of encephalopathy 
following TIPS. In some cases, TIPS is followed by progressive liver 
failure. Finally, patients require multiple follow-up sonograms and 
angiograms for the detection and treatment of shunt stenosis. A 
recent study suggested that TIPS is superior to endoscopic variceal 
lavage [32]; however, this study was associated with a very high 
rebleeding rate and must be corroborated by other trials. These 
considerations have relegated the role of TIPS to a salvage treat- 
ment in those who rebleed despite adequate endoscopic and phar- 
macologic therapy. 
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Figure 1 1 - 25 . 



Prevention of recurrent variceal hemorrhage. In view of its efficacy 
and the lower cost of treatment, endoscopic ligation plus 
P-blockers are recommended as the initial procedures for preven- 
tion of recurrent variceal hemorrhage, whereas transjugular intra- 
hepatic portosystemic shunt seems to be the preferable procedure 
in patients with recurrent bleeding after adequate endoscopic and 
pharmacologic treatment. Pharmacologic treatment with 
P-blockers alone or P-blockers and nitrates may be considered in 
those with well-preserved liver function. 
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Figure 11-26. 




Management of gastric varices. Intragastric 
varices are not amenable to endoscopic 
modalities of therapy. They are usually 
managed with p-blockers or portal decom- 
pression by transjugular intrahepatic 
portosystemic shunt or surgery. Such varices 
are often associated with spontaneous 
splenorenal collaterals (A), which may 
require embolization (B). Recently, the use 
of detachable snares [33] and injection 
therapy with cyanoacrylate have been 
shown to be effective treatments for large 
gastric varices. {Courtesy oflaime Tisnado, 
Virginia Commonwealth University.) 





Figure 11-27. 



Portal hypertensive gastropathy. (PHG). 

The term PHG describes the endoscopic 
appearance of gastric mucosa with a charac- 
teristic mosaic-like pattern (A) with or 
without red spots, or frank submucosal 
hemorrhage (B). It is a common finding in 
patients with portal hypertension. Portal 
gastropathy may get worse after esophageal 
variceal obliteration [34,35]. (Courtesy of 
Anastasios Mihas, McGuire Veterans Affairs 
Medical Center, Richmond, VA.) 




Figure 11 -28, 



Treatment options for portal gastropathy. 

The initial management of bleeding from portal gastropathy 
includes hemodynamic resuscitation and the use of somatostatin or 
octreotide. If bleeding stops, further bleeding may be prevented by 
nonselective p-blockers. If bleeding continues, (3-blockers maybe 
used as well. Continued bleeding or recurrent bleeding that does 
not respond to pharmacologic treatment may be managed by a 
transjugular intrahepatic portosystemic shunt (TIPS). 




Figure 1 1 -29. 



Gastric antral vascular ectasia (GAVE). GAVE is a distinct condition 
also associated with portal hypertension that can cause acute and 
chronic upper gastrointestinal blood loss. It is characterized by the 
presence of red stripes on the antral mucosa that radiate from the 
pyloric orifice, giving the appearance of a watermelon. The condi- 
tion is associated with dilation and thrombosis of submucosal 
capillaries with pericapillary fibrosis. 
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Figure 11 - 30 . 




Treatment of gastric antral vascular ectasia (GAVE). The primary 
treatment of actively bleeding GAVE as well as recurrent bleeding 
from GAVE is endoscopic ablation of the lesion using either argon 
plasma coagulation, neodymium:yttrium-aluminum-garnet 
(Nd:YAG) laser, or heater probe. Transjugular intrahepatic 
portosystemic shunt (TIPS) and p-blockers are ineffective for the 
long-term prevention of recurrent bleeding from GAVE. For 
selected patients with severe recurrent bleeding or uncontrollable 
acute bleeding from GAVE, an antrectomy with Billroth I anasto- 
mosis may be considered [36]. 



I HEPATIC ENCEPHALOPATHY 
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Figure 11 - 31 . 



Hepatic encephalopathy: assessment of mental status. The grade of 
portosystemic encephalopathy (PSE) is indicated on the left. Each 
of the three components of mental state plus neuromuscular 
abnormalities are shown in the four columns. Within each column 
the grade at which specific abnormalities usually appear is shown 



by the tail of the arrow. The length of the arrow indicates the range of 
grades through which each abnormality may persist. Many features 
of PSE are not detectable or measurable because testing may 
require cooperation not possible in comatose patients [37,38]. 
[Adapted from Gonn and Lieberthal [37].) 
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Figure 11 - 32 . 




Asterixis. Asterixis is a nonspecific neurologic sign that appears to 
result, at least in part, from dysfunction of the descending reticular 
system [39]. It may be seen in almost all types of metabolic 
encephalopathy of both hepatic and nonhepatic origin. A, Asterixis 
is defined as a defect of movement that is characterized by an 
inability to sustain a fixed posture such as holding one's hand in a 
dorsiflexed position at the wrist. Within 30 seconds, repetitive, 
irregular, involuntary movements of the hand occur. They appear 
to be flapping motions, hence its colloquial name, the "flapping 
tremor." Both the active and opposing muscles are activated. When 
asterixis is present, transient interruptions in electrical current, 
which last from 50 to 100 ms, occur. When the current is cut off, 
the hand falls forward by force of gravity; when the current returns, 
the position is resumed. Similar abnormalities can be induced in 
experimental animals by infusion of ammonium salts [40]. 
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Figure 11 - 33 . 



Blood ammonia concentration in hepatic encephalopathy. 
Association of blood ammonia concentrations and the grade of 
hepatic encephalopathy in untreated cirrhotic patients. There is a 
step-wise progression between the arterial ammonia levels and the 
degree of portosystemic encephalopathy (PSE) (columns 1, 3, 5, 7) 
[40]. There is, however, much overlap in ammonia concentrations 
between the adjacent grades of PSE. With venous ammonia levels 
(columns 2, 4, 6, 8), the same trend is evident, but the degree of 
overlap is even greater. Arterial ammonia levels correlate much 
more closely with the degree of hepatic encephalopathy than 
venous levels. It is not possible to predict these gradients. {Adapted 
from Stahl [40].) 




Figure 1 1 - 34 . 



Ammonia and glutamate metabolism in the brain. Ammonia 
crosses from blood through intracranial capillary circulation and is 
taken up by astrocytes where it is converted to glutamine. 
Glutamine is transported out of astrocytes and is taken up by 
presynaptic neurons from which they are released as glutamate, 
which bind to glutamate receptors on postsynaptic neurons. Excess 
glutamate is taken up by astrocytes and converted to glutamine. 
{Adapted from Butterworth [41].) 



268 



Atlas of the Liver 












Figure 11 - 35 * 



Factors precipitating acute episodes of encephalopathy. Precipitants 
of hepatic encephalopathy in 100 consecutive patients with hepatic 
encephalopathy at the West Haven Veterans Administration 
Hospital, West Haven, Connecticut. The most common precipitant 
was azotemia, which occurred in one third of the patients [42]. In 
about half of them the azotemia had been precipitated by diuretic 
agents such as furosemide. Precipitation of hepatic encephalopathy 
by tranquilizers, sedatives, or analgesic agents appears to be prima- 
rily responsible for induction of impaired mental state in a quarter 
of the episodes. Ninety-seven episodes had occurred in cirrhotic 
patients, 13 of whom had portacaval anastomoses. The severity of 
the encephalopathy tended to be milder in the azotemic and drug- 
induced patients. Hypokalemic alkalosis, which had been caused 
by vomiting, diarrhea, or diuretic drugs, was seen in 10% of the 
patients. The most severe encephalopathy occurred in association 
with gastrointestinal bleeding, infection, or azotemia. [Adapted 
from Fessel and Conn [42].) 



TABLE 11-3. CLINICAL TRIALS USING LACTULOSE 


Study 


Improved vs Total, n/n 


Other Arm 


Rottiers etdt. [43] (1968) 


8/11 


None 


Simmons etal. [44] (1970) 


10/11 


Glucose 


Lande and Clot-Paimboeuf [45] (1968) 


10/12 


None 


Reikowski etal. [46] (1974) 


34136 


None 


Orlandi etal. [47] (1981) 


67/91 


Neomycin 



Table 11 - 3 . 



Effects of lactulose on hepatic 
encephalopathy. This table summarizes the 
effects of lactulose on hepatic encephal- 
opathy. Lactulose produced an improve- 
ment in mental status in the majority of 
subjects in all of the studies. It is, however, 
worth noting that there have been no 
placebo-controlled randomized clinical 
trials testing the effects of lactulose for the 
treatment of hepatic encephalopathy. The 
use of lactulose in clinical practice is based 
on the given data and the large amount of 
postmarketing experience that has been 
accumulated with this drug. 




Figure 1 1 - 36 . 



Effects of metronidazole on hepatic encephalopathy. 

In a controlled trial of neomycin, metronidazole, and neomycin 
plus metronidazole, the combination therapy had an additive effect 
on mental status and electroencephalography (EEG). Neomycin 
plus metronidazole was comparable in terms of their effects on 
mental status, EEG, and ammonia levels [48]. Given the better 
short-term toxicity profile of metronidazole in those with advanced 
liver failure, ascites, and marginal renal function, it is the preferred 
antibiotic for the management of hepatic encephalopathy. 
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Table 11-4. 



TABLE 11-4. ZINC SUPPLEMENTS AND HEPATIC 
ENCEPHALOPATHy 



Study 


Patients, n 


Duration 


NCT Time 


Reding etdi. [49] 


10 


7d 


Improved 


Scholmerich etal. [50] 


12 


3 mo 


Improved 


Lambert et al. [51 ] 


7 


4 wk 


Improved 


Riggio etal. [52] 


14 


10 d 


— 



Zinc Supplements and hepatic encephalopathy. Mental status 
improved in the majority of individuals with improvement in the 
number connection test in those in whom it was tested. Given the 
small number of subjects studied and the variability in study 
methods used, these data are hard to generalize and thus this type 
of therapy is considered to be experimental. 




Figure 11-37. 



The effects of sodium benzoate on hepatic encephalopathy. Sodium benzoate allows 
conversion of ammonia to hippuric acid and thereby decreases ammonia levels. In a 
prospective, double-blind, randomized clinical trial, 38 and 36 subjects with new-onset 
acute encephalopathy were randomly assigned to receive sodium benzoate or lactulose 
[53]. A total of 80% vs 81% of subjects recovered from the acute episode. The side effects 
profile was minimal in both groups. Similarly, recent studies with ornithine aspartate indi- 
cate that it may also be useful in hepatic encephalopathy [54]. No long-term data with 
these agents exist. 




1 3 5 7 9 11 t3 15 17 19 21 

Time, d 



Figure 1 1 -38. 



Effects of rifamixin on hepatic encephalopathy. Antibiotic therapy 
with neomycin or related nonabsorbed broad-spectrum antibiotic 
agents has been a primary form of therapy for hepatic 
encephalopathy for 20 years. It is occasionally toxic, causing renal 
disease, hearing loss, malabsorption, and other lesions [55]. 
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Vascular Diseases, Abscesses, 
and Cysts 



Ignacio Aiza 

Hepatic vascular diseases may involve either the microvascula- E U G E N E R. SCHIFF 

ture or the large vessels of the organ. The liver receives approxi- 
mately one quarter of the cardiac output, one third of the total 
flow provided by the hepatic artery, and the remainder by the 
portal vein. This dual blood supply reduces the likelihood of 
infarction, although under certain circumstances involving the 
arterial or venous circulation, ischemia occurs. 

Occlusion of the hepatic veins, the Budd-Chiari syndrome, 
may be asymptomatic or may result in painful hepatomegaly 
and ascites, which may be followed by fulminant or subfulmi- 
nant hepatic failure and death. The clinical manifestations of 
hepatic veno-occlusive disease (VOD) are similar to those seen 
with the Budd-Chiari syndrome. Thrombosis occurs in the 
terminal hepatic venules, usually following an inflammatory 
and fibrotic reaction that begins in the endothelial lining. 

Hemangiomas are the most common benign tumors of the 
liver, the reported incidence ranging from 0.4 to 20%. They are 
for the most part asymptomatic, except when they are very 
large and produce symptoms because of their size. They are 
found frequently with the ever-increasing use of abdominal 
imaging for unrelated causes such as gallbladder pathology. 

CYSTIC DISEASES 



Simple hepatic cysts are common lesions, with an incidence of 
1% to 20%. Patients presenting with them are asymptomatic 
except when they produce a mass effect because of their size. 
Polycystic liver disease is a congenital abnormality associated, 
in 50% of cases, with renal cysts and less frequently with 
pancreatic and splenic cysts. These cysts are not connected to 
the biliary tree. Rupture, hemorrhage into the cyst, and infec- 
tion are rare complications. 







Biliary qrsts may involve the extrahepatic or intrahepatic bile 
ducts or both. They have been classified into five major types 
according to their location. They are treated either by surgical 
excision or internal drainage into a Roux-en-Y loop. A higher 
incidence of cholangiocarcinoma is present in patients with 
biliary cysts. These malignancies occur throughout the biliary 
tree and are not confined to the site of the cyst. 

Biliary cystadenomas appear almost exclusively in middle- 
aged women. They are most commonly found in the right 



ABSCESSES 

The majority of liver abscesses seen in developed countries 
are pyogenic in origin. Bacterial seeding may occur from an 
arterial, venous, or biliary origin. Abscesses may be solitary or 
multiple, the latter usually originating from a blood-borne 
source. Multiple abscesses occur in patients with systemic 
bacterial infections, such as intravenous illicit drug users, 
whereas a solitary pyogenic liver abscess is usually a compli- 



I NORMAL VASCULAR ANATOMY 



Right Right Left Left 

posterotateral anterolateral anterior posterior 




lobe, are frequently pedunculated, and rarely obstruct the 
biliary tree. They undergo malignant transformation in 20% of 
patients and should therefore be removed when possible. 

Echinoccocal cysts arise from infestation with larvae of the 
cestode Ecchinococcus granulosis. Formation of daughter cysts 
from the innermost or granular layer of the cyst and calcifi- 
cation of the wall are characteristics commonly found in 
these lesions. 



cation of diverticulitis, or other intra-abdominal infections, 
or of ascending cholangitis with poor biliary drainage. 

Amebic liver abscesses are almost always solitary. The 
course of an amebic abscess is usually indolent and is very 
seldom accompanied by diarrhea or other evidence of intes- 
tinal amebiasis. After definitive diagnosis, the preferred drug 
therapy is metronidazole or chloroquine. Both are equally 
effective in resolving the infection. 



Figure 12-1. 



Normal vascular anatomy of the liver. The liver receives one third of 
its blood supply from the hepatic artery, which is the second branch 
of the celiac tmnk arising from the aorta superior to the superior 
mesenteric artery. The major branches of the hepatic artery are the 
gastroduodenal artery, the right gastric artery, and the cystic artery, 
which supplies the gallbladder. The common portal vein receives 
blood from the superior mesenteric vein and the splenic vein. 
Esophageal veins may drain either into the azygous system or into 
the coronary branch of the gastric veins, which in turn enter the 
portal system, depending on the pressure in the two systems. Beyond 
the hepatic sinusoids, the mixed portal venous and hepatic arterial 
blood drains into the hepatic veins. There are several branches that 
separately enter the inferior vena cava before returning to the heart. 
The caudate lobe of the liver usually has a separate venous drainage. 
{Adapted from Rappaport and Wanless [1].) 
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I RADIOGRAPHIC ANATOMY 




Figure 12 - 2 * 



Radiographic anatomy of the arteries of the liver. The arteries of the 
liver are best imaged by selective catheterization of the celiac trunk 
or the hepatic artery itself. In this image we can clearly see both the 
hepatic and splenic arteries and their branches. 



1 ISCH^IC HEPATITIS 




Figure 12 - 4 * 



Ischemic hepatitis. Transient decreases in arterial flow to the liver 
may result in ischemic necrosis of the centrolobular perivenular 
zone of the liver (zone 3). In some patients, even a brief episode of 
hypotension is sufficient to cause ischemic injury. Patients with 
either severe left or right heart failure are at highest risk. Ischemia 
may also occur during or following cardiac bypass. Prognosis in 
these patients is poor because of the underlying cardiopulmonary 
disease and not from the liver injury itself [2]. Apoptosis appears 
to be a response to acute ischemia, whereas atrophy and nodular 
hyperplasia occur when the ischemia becomes chronic [3]. 




Figure 12 - 3 . 



Radiographic anatomy of the portal veins. The portal venous 
system is best seen after selective injection of contrast dye into the 
superior mesenteric or splenic arteries followed by delayed images 
to visualize the venous phase. 




Figure 12 - 5 * 



Laboratory features of ischemic hepatitis. The most characteristic 
feature is extreme elevations of the aminotransferase levels. The 
enzymes usually rise within 12 to 24 hours after the ischemic 
episode and peak within 48 hours. Thereafter, the levels decline 
logarithmically. The decreases reflect clearance of the enzymes 
from the circulation, which is a first-order process. In the majority 
of instances, the level of aspartate aminotransferase (AST) is higher 
than the level of alanine aminotransferase (ALT) in the first 2 to 3 
days but declines at a more rapid rate, as a result of differences in 
the semm half-lives of the two proteins. Jaundice may follow. 



Vascular Diseases, Abscesses, and Cysts 



275 















I BUDD-CHIARI SYNDROME 
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Figure 12-6« 



Clinical manifestations of Budd-Chiari syndrome (BCS). The classic 
triad of abdominal pain, hepatomegaly, and ascites is present in the 
majority of patients with BCS. Of these, pain is the least constant 
finding. Jaundice is rare, occurring in less than 20% of patients and 
is an ominous sign. Splenomegaly is found in almost 50%. In some 
instances, splenomegaly is a consequence of an underlying hemato- 
logic disorder, such as polycythemia rubra vera, whereas in others it 
results from portal hypertension. The remaining clinical signs are 
those associated with portal hypertension per se. In a recent series, 
up to 20% of patients were asymptomatic. BCS presenting as fulmi- 
nant or subfulminant hepatic failure is rare. 



TABLE 12-1, BUDD-CHIARI SYNDROME 



Predisposing factors 

Hematolosic 

Polycythemia rubra vera 
Paroxysmal nocturnal 
hemoslobinuha 
Myeloproliferative disorders 
Chronic myelosenous leukemia 
Hypercoasulable states (lupus 
anticoasulant, antithrombin 
111 deficiency protein 
Oprotein S deficiency) 
Factor V Leiden mutation 

Tumors 

Hepatocellular carcinoma 
Renal cell carcinoma 
Adrenal cell carcinoma 
Leiomyosarcoma 
Choriocarcinoma 



Right atrial myxoma 
Phlebitis 
Trauma 
Infectious 

Amebic abscess 
Aspergillosis 
Hydatid cysts 

Oral contraceptives 
Pregnancy and postpartum 
Venal cavai web 
Radiation 
Behcefs disease 
Rare causes 

Inflammatory bowel disease 
Protein-losing enteropathy 
Syphilitic gummas 
Sarcoidosis 

7 Cirrhosis 



Table 12-1. 



Etiology of Budd-Chiari syndrome (BCS). This table lists the disor- 
ders that predispose patients to the development of BCS. The 
majority of underlying disorders are either myeloproliferative or 
hypercoagulable states [4-7]. BCS occurs in 10% to 12% of 
patients with paroxysmal nocturnal hemoglobinuria and is the 
leading cause of death in these patients [8]. Factor V Leiden muta- 
tion accounts for 25 % of hepatic or inferior vena cava thrombosis, 
and is involved in most cases caused by oral contraceptive use or 
pregnancy [9j. 




Figure 12-7, 



Use of liver scintiscan for diagnosis of Budd-Chiari syndrome (BCS). ^^^Tc liver spleen 
scans often provide clues for making a positive diagnosis of BCS. There is usually 
decreased uptake of tracer in the right and left lobes of the liver, corresponding to occlu- 
sion of the right middle and left hepatic veins. By contrast, the caudate lobe, which has a 
separate venous drainage, is often hypertrophied and has increased tracer uptake. 



276 



Atlas of the Liver 











Figure 12-9. 



Absence of flow in the hepatic veins in a 
patient with Budd-Chiari syndrome (BCS). 
Magnetic resonance imaging with pulsed 
sequences allows visualization of flow 
within the hepatic veins. MRI also can 
determine portal blood flow and direction. 
In addition, other problems such as focal 
defects within the hepatic parenchyma can 
be excluded. 




Figure 12-10. 



Computed tomography in diagnosis of 
Budd-Chiari syndrome (BCS). The use of 
contrast CT scans can often identify the 
hepatic veins (A). The failure to visualize 
the hepatic veins is highly suggestive of 
BCS, although not reliable enough to 
exclude anatomic variants or other causes. 

A characteristic finding on CT in patients 
with BCS is hypertrophy of the caudate 
lobe (B), which is found in 71% to 88 % of 
cases, but it can occur in other causes of 
liver disease. The enlargement of the 
caudate lobe occurs because of its inde- 
pendent venous drainage directly into the 
inferior vena cava caudal to the ostia of the 
main hepatic veins, serving also as an 
outflow for intrahepatic venous collaterals. 




Spider web pattern revealed through hepatic venography. A, The pattern illustrates collat- 
eral flow from the small hepatic veins directly into the systemic circulation. Although seen 
infrequently, this spiderweb pattern is almost definitely diagnostic of BCS. This speculated 
pattern is the result of the formation of collateral anastomosis between the small hepatic 
veins and the systemic circulation that occurs when the obstruction to venous outflow has 
existed for a prolonged period of time. B, A normal venogram in the patent left hepatic 
vein of the same patient. {Courtesy of KR Reddy, Miami, FL.) 
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Figure 12-11* 



Acute obstruction of hepatic veins. Liver biopsy may be helpful in establishing the diagnosis 
and duration of Budd-Chiari syndrome (BCS). Acute obstruction of the hepatic veins leads 
to severe sinusoidal dilatation often associated with congestion and necrosis of hepatocytes 
in the centrolobular area. These hepatocytes are replaced by erythrocytes within the space of 
Disse. The absence of this congestion in zone 3 makes the diagnosis of BCS less likely. 
Venular thrombosis, however, is uncommon. Once cirrhosis ensues, the differential diag- 
nosis from cardiac cirrhosis becomes difficult from a histologic standpoint [18,19]. 




Figure 12-12. 



Perivenular fibrosis. Prolonged obstruction of the hepatic veins 
eventually leads to perivenular fibrosis that may be associated with 
bridging between perivenular zones. High-grade obstruction stimu- 
lates collagen deposition. There is usually a distinct absence of 
inflammation. Because occlusion of hepatic veins may occur at 
different times, the age of the lesions may vary within different 
areas of the liver. It appears that the pattern of cirrhosis (veno- 
portal vs venocentral) may be related to the coexistence of portal 
vein thrombosis [7]. 




Figure 12-13. 



Treatment modalities for patients with Budd-Chiari syndrome 
(BCS). The natural history of patients with BCS depends on the 
degree and extent of the hepatic venous obstruction. Prognosis 
appears to be worse and therapeutic options limited when there is 
concomitant portal venous system obstruction [10]. Surgical and 
invasive radiologic therapeutic options such as transjugular intra- 
hepatic portosystemic shunts have been used to treat patients with 
preserved liver function and a patent vena cava as long-term treat- 
ment [4,10,12] and as a bridge to liver transplantation [11]. 

Despite the theoretical attractiveness of thrombolytic therapy, 
relatively few patients present early enough to benefit from this 
therapy. Routine anticoagulation with heparin, warfarin sodium, or 
both combined does not relieve acute obstruction but may be used 
as therapeutic adjunct following surgery. 
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Figure 12-14* 
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Liver transplantation for Budd-Chiari syndrome (BCS). In those 
patients who have irreversible hepatic decompensation, a throm- 
bosed inferior vena cava or in those whose portosystemic shunting 
fails, liver transplantation is the best therapeutic option. Some 
investigators have argued that transplantation should be used more 
often as primary surgical treatment. The long-term success of trans- 
plantation for BCS is very good, with 10-year survival rates of better 
than 75% [10,13,14]. Most patients do not, however, experience a 
higher rate of thrombosis if maintained adequately anticoagulated. 
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Figure 12-15. 



Hepatic veno-occlusive disease (VOD). Hepatic VOD was initially 
reported in relation with consumption of herbal teas and food 
sources that contain pyrrolizidine alkaloids found in botanically 
unrelated plants from the species Crotalaria, Heliotropium, and 
Senecio [15-17]. Today, chemotherapeutic and radiotherapeutic 
preoperative regimens for bone marrow transplantation are the 
most common causes of VOD, occurring in 20% of both autolo- 
gous and allogeneic bone marrow transplants [18-20], with 
mortality ranging from 7% to 50%. Other less common causes of 
VOD are shown in this figure. 




Clinical manifestations of hepatic veno-occlusive disease (VOD). 
The syndrome of VOD involves multiple organs including the liver. 
Typically, patients experience rapid weight gain due to fluid reten- 
tion, tender hepatomegaly, and early development of ascites. 
Pulmonary infiltrates and clinical signs of congestive heart failure 
are also observed in the most severe cases. Severe jaundice is a poor 
prognostic sign. Transjugular intrahepatic portosystemic shunts 
have been used with limited success [19]. 
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Figure 12-17. 



Histologic manifestations of hepatic veno- 
occlusive disease. In the early stages (A), 
endotheliitis associated with proliferative 
changes is present. Progressively (B), there 
is more fibrotic reaction in the endothelial 
space, eventually leading to obliteration of 
the terminal hepatic venules. The portal 
areas are spared. Sinusoids are dilated; 
often atrophy or necrosis of hepatocytes in 
the surrounding perivenular zone exists 
[20]. [Courtesy of KR Reddy, Miami, FL.) 



I HEMANGIOMAS 




Figure 12-18, 



Hepatic cavernous hemangioma. This 
lesion is the most common benign 
mesenchymal tumor of the liver; it is found 
in 3% to 5% of all autopsies. 

Hemangiomas are usually single and small, 
but multiple hemangiomas occur in about 
10% of cases [21]. They are usually milli- 
metric in size, but may grow up to 20 cm. 

In very rare instances, hemangiomas may 
increase in size with time [22]. Most 
patients are asymptomatic and have normal 
liver chemistries. Large lesions (> 4 cm) 
may cause symptoms such as a sensation of 
a mass and abdominal pain. [Courtesy of KR 
Reddy, Miami, FL.) 
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Figure 12 - 19 . 



Histologic characteristics of hepatic hemangiomas. The lesion is 
composed of endothelium-lined areas surrounded by fibrous 
stroma. Hemangiomas have no malignant potential. Histologic 
diagnosis is rarely necessary because the diagnosis can usually be 
made by its radiologic imaging appearance. [Courtesy of KR Reddy 
Miami, FL.) 




Figure 12 - 20 . 



Ultrasound in the diagnosis of hepatic hemangiomas. On 
imaging with ultrasound, hemangiomas appear as single 
echogenic lesions with well-defined borders. Posterior acoustic 
enhancement is characteristic. 





Figure 12 - 21 . 



Computed tomography in diagnosis of 
hemangiomas. Dynamic CT-scanned heman 
giomas typically show early peripheral opaci- 
fication (A) and delayed central enhance- 
ment with sinusoidal puddling (B). These 
characteristics, however, may also be seen in 
primary and metastatic tumors, which can 
make the distinction between these lesions 
sometimes difficult by CT alone. 





Figure 12 - 22 . 



Use of MRl in characterizing hemangiomas. 
MRl is very useful for this purpose, espe- 
cially for lesions smaller than 5 cm. On 
MRl, hemangiomas appear as well-circum- 
scribed homogeneous lesions with low 
signal intensity in T^ -weighted images (A) 
and a characteristic high intensity in T2- 
weighted images (B), which distinguishes 
them from other neoplasms [23]. 
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Figure 12-23. 



Large hemangiomas. These lesions may also be differentiated from other hepatic lesions 
by a ^^“^Tc-labeled erythrocyte-pooled study. The labeled erythrocytes will characteristi- 
cally fill the lesion from the periphery to the center, with prolonged retention of the 
isotope in the tumor. A hot spot representing a hemangioma is present. Uptake by the 
heart is also noted. (Courtesy of KR Reddy, Miami, FL.) 



I BILIARY CYSTS 





Figure 12-24. 



Classification of biliary cysts. Todani et al 
[24] classified biliary cysts into five types. 
Type 1 cysts are segmental fusiform dilata- 
tions of the common bile duct (chole- 
dochal cysts) (A). These are the most 
common variety. Type 11 are diverticula 
occurring anywhere along the extrahepatic 
bile ducts. Type III are choledochoceles of 
the ampulla of Vater. These have been 
subclassified into Al, in which both the 
pancreatic and bile ducts join before 
opening into the cyst, A2 with distinct 
openings into the cyst, A3, in which the 
choledochocele is small and intramural, 
and B, in which the choledochocele is 
joined to the ampulla, which opens sepa- 
rately into the duodenum. Type IV cysts are 
multiple cysts involving both the intrahep- 
atic and extrahepatic bile ducts (B). Type V 
cysts involve only the intrahepatic bile 
ducts (Caroli's disease) (C), and may be 
associated with congenital hepatic fibrosis 
(Caroli's syndrome). 
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Figure 12 - 25 . 




I HEPATIC CYSTS 




Figure 12 - 26 . 



Simple hepatic cyst. Simple hepatic cysts are the most common 
cystic lesion of the liver. They are usually small and asymptomatic, 
whereas large cysts may produce symptoms. Intrahepatic cysts are 
seen on CT scans as a low-attenuation space-filling lesion. The 
attenuation coefficient is usually similar to water and always lower 
than blood. They do not fill with administration of intravenous 
contrast dye. Large cysts may be excised surgically, although percu- 
taneous ultrasound guided drainage followed by tetracycline chlo- 
ride infusion has been used with success [27]. 



Clinical manifestations of biliary cysts. Biliary cysts are rare 
congenital malformations. They usually present in young children 
age 2 to 6 but may be seen in adults. Obstructive jaundice, abdom- 
inal pain, and a palpable mass are the most common presenting 
symptoms [25]. Patients may have recurrent episodes of ascending 
cholangitis, particularly if there has been previous instrumentation 
or injection of dye into the biliary tree without adequate surgical 
drainage. For this reason, patients with extrahepatic cysts (types 
1-lV) should be considered for surgical resection and hepati- 
coejunostomy. Prognosis after surgery appears to be excellent [25], 
especially when the surgery is performed early in life [26]. 




Figure 12 - 27 . 



Polycystic liver disease. Multiple noncommunicating intrahepatic 
cysts characterize polycystic liver disease. These intrahepatic cysts 
do not communicate with the biliary tree. Unlike biliary cysts, 
these cysts lack a true epithelial lining and are lined by hepato- 
cytes; they have no malignant potential. They are commonly asso- 
ciated with polycystic kidney disease. Treatment by surgical resec- 
tion is necessary when the cysts produce symptoms because of 
massive hepatomegaly, but have a higher recurrence rate than do 
simple cysts [28]. Because of the high morbidity and inconsistent 
long-term palliation, liver transplantation has been advocated for 
severely incapacitating cases with excellent results [29,30]. 



I HEPATOBILIARY CYSTADENOMAS 





Figure 12 - 28 . 



Hepatobiliary cystadenomas are rare 
tumors. They almost always occur in 
middle-aged women. Abdominal pain is 
the most common presenting symptom. 
Cystadenomas may rupture, necrose, or 
calcify, mimicking a hydatid cyst. They may 
undergo malignant transformation to 
papillary adenocarcinoma in 20% of cases, 
although these rarely metastasize. Both 
ultrasound and CT are useful tools in the 
diagnosis of these lesions. A and B show 
the characteristic septation by ultrasound 
and CT scan, respectively, possessed by 
cystadenomas. These septations distinguish 
them from simple hepatic cysts. Because of 
their malignant potential they should be 
removed surgically when possible. 
Prognosis is excellent [30]. 
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I HEPATIC HYDATID CYSTS 



Figure 12 - 29 . 



Echinococcal or hydatid cysts. These q^sts are caused by the infestation with the larval 
stage or cysts of the cestode Echinococcus granulosis. Humans act as an intermediate host. 
The larva of this tapeworm penetrates the intestinal wall, reaching the liver through the 
portal system. They are more common in the right lobe. Presenting symptoms include 
low-grade fever, tender hepatomegaly, and eosinophilia. The cysts may rupture into the 
pleural space or abdomen [31], and produce a severe anaphylactic reaction. Segmentation 
of the innermost, or granular, layer of the cyst gives rise to daughter cysts. Calcification of 
the wall of the cyst is common. Hydatid cysts may be treated surgically only if peritoneal 
rupture exists [31], otherwise therapy should consist of percutaneous drainage combined 
with adjuvant antihelminthic therapy [32-34]. [Courtesy of KR Reddy, Miami, FL.) 




I AMEBIC ABSCESSES 




Figure 12 - 30 . 



Amebic abscesses are the most common type of liver abscesses worldwide, occurring in the 
developing countries of the tropics and subtropics. They are more frequently localized in 
the right lobe superoanteriorly, near the diaphragm. They are usually single, but may also 
be multiple and involve both lobes. CT scan is very sensitive in the detection of amebic 
abscesses. It is also very useful in detecting extrahepatic involvement such as in the pleural 
space or lung. Amebic abscesses appear as hypodense round or oval lesions with irregular 
borders. Abscesses can virtually always be treated medically with metronidazole. 
Indications for percutaneous drainage include superinfection by bacteria and impending 
pleural or pericardial involvement [35]. Both ultrasound and CT scan may be used when 
drainage is indicated and as follow-up after institution of medical therapy. 



I PYOGENIC ABSCESSES 




Figure 12 - 31 . 



Pyogenic abscesses. These are the most common hepatic abscesses 
found in the United States. They may occur because of poor biliary 
drainage, hematogenous sources such as in intravenous drug 
abusers, and local spread (diverticulitis or Crohn's disease). They 
may be single or multiple the latter usually secondary to 
hematogenous spread, and are more frequently found in the right 
lobe. The abscess cavities are variable in size and when multiple 
may coalesce to give a honeycomb appearance. By ultrasound they 
appear as round or oval hypoechoic lesions with a well-defined 
border and a variable number of internal echoes. Patients are 
almost always symptomatic, with right upper quadrant pain and 
fever. Jaundice occurs in about one third of patients. 
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Figure 12 - 32 . 



Computed tomographic scan is highly sensitive in the localization of pyogenic liver 
abscesses. These lesions are hypodense areas that may sometimes show an air-fluid level 
indicating a gas-producing organism. Both CT and ultrasound may be used in the aspiration 
of pyogenic abscesses, which can be done for both diagnostic and therapeutic purposes. It 
appears that catheter drainage may be more effective than needle aspiration [27]. 
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Tumors of the Liver 



rumors of the liver may be classified as benign or malignant, 
adult or pediatric, or more relevant clinically as tumors with 
and without cirrhosis. In adults, malignant tumors are more 
common than benign tumors, and among the malignant 
tumors, metastases to the liver are most frequently encoun- 
tered, particularly in the developed western world. The diag- 
nosis of tumors of the liver relies largely on imaging studies 
and histopathology. Imaging studies confirm the presence of a 
neoplasm, indicate its location, and give some idea of its 
extent. In addition, typical and sometimes diagnostic features 
may be noted on imaging studies. However, making a specific 
diagnosis often requires obtaining liver tissue for histopatho- 
logic analysis. Liver tissue may be obtained by needle biopsy 
(guided by ultrasound or computed tomography in some 
cases) or at the time of resection. This chapter concentrates on 
those tumors most likely to be encountered rather than 
reviewing all tumors of the liver. 



Adrian M. Di Bisceglie 







I BENIGN TUMORS OF THE LIVER 




Figure 13 - 1 * 



Cut surface of a large hepatocellular adenoma. Hepatocellular 
adenoma is a benign neoplastic condition of hepatocytes. Although 
relatively rare, its incidence seems to have increased over the past few 
decades since the introduction and widespread use of oral contracep- 



tives (incidence 3 to 4/100,000 long-term oral contraceptive users) [1]. 
It has also been associated with the use of anabolic steroids and is a 
complication of some types of glycogen storage disease. This tumor 
occurs almost exclusively in adult women. Most female patients with 
adenoma have a history of oral contraceptive use, either current or 
remote. The duration of oral contraceptive use in such patients is 
variable and may even have been as short as 1 to 2 years. 

The most common presenting symptom is right upper quadrant 
abdominal pain or discomfort. The most feared complication of 
hepatocellular adenoma is free intra-abdominal rupture related to 
hemorrhage and necrosis within the tumor. This complication may 
be life threatening and requires urgent resuscitation and surgery. 
Liver biopsy is almost always required for confirmation of the 
diagnosis of adenoma. If this diagnosis is suspected in advance, 
biopsy may be best done at the time of surgical resection. 

The histologic appearance of hepatocellular adenoma is of 
benign-looking hepatocytes often arranged in cords. Evidence of 
bile production may be noted. Surgical resection is usually recom- 
mended because of the risks of rupture. Possible exceptions to this 
recommendation are very small adenomata or in those cases where 
the patient is not fit for surgery. Shrinkage of these tumors has 
been noted in some cases with discontinuation of oral contracep- 
tive use; although this maneuver may be attempted in some cases, 
it should not replace the need for resection in most instances. 
{Courtesy ofE. Brunt.) 




Figure 13 - 2 * 



Small hepatocellular adenoma in left lobe of the liver. Occasionally, 
adenomata may be found incidentally when an imaging procedure 
is done for some other reason. Such incidental tumors tend to be 
much smaller. 
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I BENIGN TUMOR-LIKE LESIONS OF THE LIVER 




Figure 13 - 3 . 



A heterogenous group of lesions occurring in the liver may give a 
neoplastic appearance. Some of them may also cause diagnostic 
confusion with cirrhosis. This figure shows the cut surface of a focal 
nodular hyperplasia (FNH), approximately 5 to 6 cm in diameter. 




Figure 13 - 4 . 



Hepatic arteriogram from the same patient with focal nodular 
hyperplasia shown in Figure 13-3. Note the presence of hypervas- 
cularity with a single prominent artery in the center of the tumor. 



Note the cirrhosis-like appearance (pseudocirrhosis) around a 
central area of fibrous tissue. This lesion represents a focal benign 
proliferation of hepatocytes occurring around an abnormal artery 
within the liver [2]. These lesions rarely cause symptoms and are 
most often found incidentally at the time of abdominal surgery 
(often at cholecystectomy). They are usually smaller than 5 cm in 
diameter. The cut surface typically shows a central stellate scar that 
contains the abnormal artery within it. As with hepatocellular 
adenoma, features of bile production and cholestasis may be seen 
both macroscopically and microscopically The presence of central 
scar tissue may sometimes give the appearance of cirrhosis with 
regenerating nodules surrounded by fibrosis. This lesion is local- 
ized, however, rather than being throughout the liver and no bile 
ducts are seen within the lesions, whereas they would be present in 
most cases of cirrhosis. Interpretation of needle biopsy specimens 
obtained from FNH may be particularly difficult. Usually no treat- 
ment is required because these lesions rarely cause symptoms and 
are not prone to rupture or malignant transformation. In fact, they 
are very often removed at the time of excision biopsy. The differen- 
tial diagnosis includes nodular regenerative hyperplasia, which is a 
diffuse nodular condition of the liver with no significant fibrosis 
and partial nodular transformation, a rare nodular condition usually 
confined to the hilar area of the liver. 
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Figure 13 - 5 . 



Macroscopic appearance of a liver specimen at autopsy showing 
presence of cirrhotic nodules with one large dominant nodule 
representing a macroregenerative nodule approximately 2 cm in 
diameter. This condition occurs in the presence of established 
cirrhosis and appears to be related to excessive or uncontrolled 
proliferation of hepatocytes within regenerating nodules. 
Generally, areas of macroregenerative nodules are greater than 1 
cm in diameter [3]. This lesion is of significance because it may 
cause diagnostic confusion by giving the appearance of a mass 
in the liver in a patient with cirrhosis, prompting an evaluation 
to exclude hepatocellular carcinoma (HCC). This diagnostic 
confusion is made more troublesome by the recent observation 
that areas of atypia may develop within the large nodules, and it 
has been suggested that these lesions are precursors for the devel- 
opment of HCC [4]. [Courtesy o/M. Kojiro, Kurume, Japan) 
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Figure 13 - 6 * 



Low-power photomicrograph of a liver specimen stained for retic- 
ulin showing, against a background of smaller cirrhotic nodules, a 
cluster of three macroregenerative nodules. [Courtesy ofhA. Kojiro, 
Kurume, Japan) 



Lesion 



Size Singie/ Common underlying 

Multiple causes 



Comment 



Nodular 

regenerative 

hyperplasia 



Focal 

nodular 

hyperplasia 





Usually < 
1 cm 



Usually < 
5 cm 



Multiple 



Single 



Hepatocellular 

adenoma 




May be Usually single; 
very large occasionally 
multiple 



Immunologic disorders 
(eg, rheumatoid arthritis) 
Myeloproliferative disorders 



None recognized 



Estrogen use 



Pathogenesis related to portal 
venopathy and decreased 
blood flow; usually presents with 
portal hypertension 

Often an incidental finding 



Requires resection because 
of risk of rupture or 
hemorrhage 



Hepatocellular 

carcinoma 



Partial nodular 
transformation 




May be Often multiple 
very large 



1-5 cm Multiple but 

localized to 
perihilar area 



Cirrhosis 

Chronic viral hepatitis 



None recognized 



Probably arises from within 
dysplastic nodules 



Rare entity; presents with 
portal hypertension 



Figure 13 - 7 . 



Nodular diseases of the liver. 
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Figure 13-8* 



Computed tomographic scan of the abdomen showing a single, 
fluid-filled lesion within the liver. This lesion had been observed 
over a period of several years, had not changed in size, and was 
therefore presumed to represent a benign simple cyst of the liver. 
Other benign cystic lesions of the liver include polycystic disease, 
choledochal cysts, and hydatid disease [5]. 




Figure 1 3-9. 



Computed tomographic scan of the abdomen showing massive 
hepatomegaly related to multiple cysts of varying diameter, 
some as large as 4 to 5 cm in a patient with polycystic liver 
disease. Interestingly, no cysts can be seen in the kidney. 




Figure 13-10* 



Macroscopic appearance of polycystic disease of the liver from the 
same patient shown in Figure 13-8. Note the presence of innumer- 
able cysts, some filled with clear fluid. Small amounts of normal 
hepatic parenchyma are noted between cysts. Adult polycystic 
disease is an autosomally dominant inherited disease associated 
with multiple cysts within the liver, pancreas, and spleen. Hepatic 
cysts are sometimes associated with abdominal discomfort. Rarely, 
they may be complicated by infection [6]. Hepatocellular function 
is rarely compromised although portal hypertension may occur. 
No specific treatment is available. Liver transplantation has occa- 
sionally been performed for polycystic disease because of the 
patient's intolerable abdominal discomfort. 
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Figure 13-11. 



Tagged erythroqTe study in a patient with a single large hemangioma in the right lobe of 
the liver. This scan was taken approximately 1 hour after injection of tagged erythro- 
cytes. Note the rounded area of blackness within the liver related to the hemangioma 
[arrow). Tracer can also be seen within the heart, spleen, and major blood vessels. 

Hemangiomata are the most common neoplasms of the liver, being found in up to 10% of 
individuals. In almost all cases, they are asjmiptomatic. They are usually single and smaller 
than 5 cm in diameter. Occasional, multiple hemangiomata may be found; and if very large, 
they may be associated with hyperdynamic circulation because of the large arteriovenous 
communications represented by the hemangiomata. Disseminated intravascular coagulation 
with thrombocytopenia may rarely occur in children with massive hemangiomata (Kasabach- 
Merritt syndrome). Hemangiomata may grow slowly but have little or no malignant potential 
[7]. Needle biopsy should be avoided because of the risk of intra-abdominal bleeding. 

Hemangioma of the liver may be detected by several imaging modalities including ultra- 
sound, computed tomographic scan, and radioisotope scan. Some imaging techniques take 
advantage of the characteristic slow flow of blood through hemangiomata to make the diag- 
nosis with some certainty. These techniques include tagged erythrocyte scan, in which the 
patient s own erythrocytes are tagged with a radioisotope and injected back into the patient. 
The area over the liver is then scanned periodically for up to several hours. Characteristically, 
hemangioma will be associated with slow uptake and clearance of tagged erythrocytes. 

The technique of dynamic sequential computed tomographic scanning is also useful 
for the diagnosis of hemangioma. In this procedure, water-soluble contrast material is 
infused intravenously and the area of interest within the liver is scanned repeatedly at 
intervals of 30 to 60 seconds. Contrast enhancement of hemangioma can be seen progres- 
sively over time from the periphery of the lesion towards the center over a period of between 
15 and 20 minutes. 



I MALIGNANT TUMORS OF THE LIVER 
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Figure 13-12. 



The relative frequency of various tumors of the liver. Note that 
metastases are by far the most frequent, particularly in the 
developed western world. Among the primary malignant tumors, 
hepatocellular carcinoma is the most frequent. 
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Figure 13-13. 



Incidence and number of deaths due to hepatocellular carcinoma (HCC). HCC is one of 
the most common internal malignancies worldwide and occurs most frequently in parts 
of the Far East and sub-Saharan Africa. Japan and southern Europe are generally thought 



to be regions with an intermediate inci- 
dence of HCC, whereas Western Europe 
and the United States have been thought of 
as low-incidence areas. However, there has 
been a significant rise in the incidence (A) 
and number of deaths (B) due to HCC in 
the United States over the last two decades 
[8]. HCC occurs in the setting of cirrhosis. 
The underlying liver disease is most often 
caused by viral hepatitis or by alcohol, 
although the exact form of liver injury may 
vary in different areas. Thus, in the Far East 
and sub-Saharan Africa, most cases are 
related to chronic infection with hepatitis B 
virus, whereas in southern Europe and 
Japan, hepatitis C is more of a problem 
[9,10]. In the United States, both of these 
forms of hepatitis are related to HCC as 
well as to alcoholic cirrhosis. It has recently 
been recognized that nonalcoholic fatty 
liver disease resulting in cirrhosis is an 
important cause of HCC in the west [ 11 ] . 
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Figure 13-14. 



Recent data on the reasons for the rise of hepatocellular carcinoma 
(HCC) in the United States. These data from the Veterans Affairs 
database gives some insight into the reasons for the rise in HCC 
incidence in the United States. El-Serag and Mason [9] compared 
the rates of HCC associated with hepatitis C viral infection, hepa- 
titis B viral infection, alcoholic cirrhosis, and unknown causes over 
two recent periods: 1993 to 1995, and 1996 to 1998 [9]. There was 
a threefold increase in the age-adjusted rate for primary liver cancer 
associated with hepatitis C virus: from 2.3 per 100,000 (95% Cl, 

1. 8-3.0) to 7.0 per 100,000 (95% Cl, 5. 9-8.1) [9]. 




Figure 13-15* 



Relative contributions of hepatitis B virus (HBV) and hepatitis C 
virus (HCV) to pathogenesis of hepatocellular carcinoma (HCC). 

It has only relatively recently become recognized that chronic 
infection with HCV plays a major role in the development of HCC 
in some areas. Thus, in southern Europe, nearly three-quarters of 
patients with HCC have antibodies to HCV (anti-HCV) in serum. 

In sub-Saharan Africa and China, where HBV infection is more 
prevalent, HCV-related HCC is less common [10-12]. Most 
patients with HCC and anti-HCV in serum also have HCV RNA 
present in serum, liver, and sometimes, even within tumor tissue. 
The development of HCC has been observed in patients with 
chronic HCV followed over time. Typically, this development 
occurs over intervals of more than 20 years, but it may occasionally 
happen in less time [13-17]. Anti-HBc — antibodies to hepatitis B 
core antigen. 
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Figure 13-16* 



Pathogenesis of hepatitis C virus (HCV)-related hepatocellular 
carcinoma (HCC). This figure illustrates the stepwise progression 
in liver disease associated with the chronic HCV infection leading 




Figure 13-17. 



Natural history of hepatocellular carcinoma (HCC). HCC often 
begins as a small tumor or nodule (1). It may arise in a dysplastic 
nodule. The tumor then enlarges until it meets a portal vein branch 
(2). When the tumor invades a portal vein branch, this allows it to 
metastasize elsewhere within the liver (3). Distant lesions may also 
represent synchronous lesions. For HCC to spread beyond the liver, 
hepatic vein branches must be invaded at some level (4). This 
allows the tumor to metastasize, commonly to lungs, bone, and 
adrenal glands (5). 



to the development of HCC. Dashed lines show possible or unusual 
pathways. HBV — hepatitis B virus. 




Figure 13-18. 



Relative sensitivity of various imaging modalities in diagnosis of 
hepatocellular carcinoma (HCC). Some of the typical clinical 
features of HCC include abdominal swelling, right upper quadrant 
pain, weight loss, and apparent worsening of liver disease in 
patients known to have cirrhosis. This tumor only becomes clin- 
ically apparent, however, when it is far advanced. When patients 
present with these symptoms they usually have extensive tumor 
involvement within the liver as well as distant metastases. The use 
of radiologic imaging studies has allowed detection of HCC at an 
earlier stage, often before the development of symptoms. CT — 
computed tomography; MRI — magnetic resonance imaging. 

[Adapted from Di Bisceglie [2].) 
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Figure 13-19. 



Ultrasound examination of the liver showing a 5 X 10 cm hypoechoic 
mass (between markers). Ultrasound is one of the most sensitive 
methods for detecting tumors within the liver and is also relatively 
inexpensive and noninvasive [19]. Hepatocellular carcinoma often has 
echogenicity different from that in the remainder of the liver. Thus, small 
tumors are often hyperechoic with a thin hypoechoic rim. With time, 
and as the tumor grows, the whole tumor often becomes hypoechoic, 
and finally, when the tumor is large, it often has mixed echogenicity. 




Figure 13-21. 



A and B, A small resected hepatocellular carcinoma (HCC) and 
the corresponding magnetic resonance imaging (MRI) scan from 
a patient with hepatitis C-related cirrhosis and HCC. The role of 




Figure 13-20. 



Computed tomographic scan of the liver showing enhancement of 
a 3-cm lesion in the right lobe of the liver. Biopsy confirmed this to 
be hepatocellular carcinoma (HCC). The three-phase CT is gener- 
ally considered the optimal radiologic examination to detect HCC. 
The three phases in which the liver is imaged are precontrast, arte- 
rial phase, and venous phase. Because HCC is hypervascular, it 
typically enhances rapidly in the arterial phase of the scan. 




MRI in diagnosing HCC remains uncertain. However, in some 
cases, these tumors may be readily detected by MRI. {Courtesy of 
T.G. Brewer, Washington, D.C.) 
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Figure 1 3 - 22 . 



Massive involvement of the right lobe of the liver by hepatocellular 
carcinoma (HCC) extensive tumor "blushing" Arteriography is a rela- 
tively invasive means of imaging tumors of the liver but is very useful 
in showing vascular tumors such as HCC. A catheter is passed, using 
the Seldinger technique, into the hepatic artery before infusion of the 
contrast medium. This procedure is often done before surgery to eval- 
uate the full extent of the tumor and to study its vascular supply in 
order to better plan surgery [21]. 




Figure 13 - 23 * 



A smaller hepatocellular carcinoma {arrow) that is marked by a 
small area of neovascularization on hepatic arteriography. 

Here the arteriogram may be useful in planning surgical resection, 




Figure 13 - 24 * 



The value of a-fetoprotein (AFP) testing for 
diagnosis and screening for hepatocellular 
carcinoma (HCC) has recently been ques- 
tioned. The actual performance of AFP as a 
screening test is described in this summary 
of a study in which nearly 6000 at-risk 
patients were screened regularly. In only a 
very small proportion did this result in 
early treatment, and the effect of this treat- 
ment on patient survival remains 
unknown. Falsely elevated serum AFP often 
results in needless evaluation and exposes 
the patient to risks associated with this 
work-up. Data from North America indi- 
cate that while AFP is very useful in an at- 
risk population with chronic hepatitis B 
[23] (Alaska natives), it is of much less 
value in a population with chronic hepa- 
titis C and cirrhosis [24]. 
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Figure 13 - 25 . 
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Figure 13 - 27 . 



Reseaed specimen of cirrhotic liver with a small (2.5 cm diameter) 
hepatocellular carcinoma (HCC). Therapy of HCC is difficult and 



Differential diagnosis of a mass found within the liver among 
53 cirrhotic patients [25]. Because of the poor prognosis for 
hepatocellular carcinoma (HCC) and the recognition that this 
tumor occurs against a background of chronic viral hepatitis 
and liver disease, attempts have been made to screen for the 
tumor in asymptomatic patients. In this way, small tumors may 
be found that are more amenable to therapy. Unfortunately, the 
presence of a mass within the liver of a patient with cirrhosis is 
not necessarily synonymous with HCC. This figure indicates 
that whereas most such masses turn out to be HCC, they may 
also represent cysts, angiomata, and regenerative nodules. In 
some cases, no obvious pathology can be found. The signifi- 
cance of regenerative nodules is uncertain, but it seems that 
the larger ones (greater than 1 cm, macroregenerative nodules) 
may sometimes lead to the development of HCC. {Adapted from 
Colombo et al [25].) 



Figure 13 - 26 . 



Characteristic fibrotic lamellae coursing throughout a fibrolamellar 
hepatocellular carcinoma (HCC). This tumor is a variant with 
distinct morphologic features and is also associated with a better 
prognosis than other forms of HCC [26]. Thus, the surrounding 
nontumorous liver is usually not cirrhotic. {Courtesy ofZ. Goodman, 
Washington, D.C.) 



the prognosis is poor. The best chance of cure or long-term survival 
appears to be with resection. Because of the associated cirrhosis, 
extensive resection is usually not possible and the usual operation 
is a "segmentectomy" or enucleation of the tumor. Even so, a 
high rate of tumor recurrence exists within the first few years after 
surgery. Liver transplantation appears to be a suitable modality of 
therapy for HCC less than 5 cm in diameter with no evidence of 
extrahepatic spread [27]. Again, there is a high rate of recurrence 
(although less than resection) and attempts to prevent this compli- 
cation have used adjuvant chemotherapy before and after trans- 
plantation. The value of this approach is currently being evaluated. 

Other approaches that may be used for small tumors include 
ablation by injection with absolute alcohol or radiofrequency 
thermal ablation. For large unresectable tumors, chemoemboliza- 
tion has been used in an attempt to shrink the tumor. The rationale 
for this approach is based on the fact that, whereas the liver as a 
whole has a dual blood supply (from the hepatic artery and portal 
vein), HCC derives its supply exclusively from the hepatic artery. 
Thus, when this blood supply is cut off, tumor necrosis and 
shrinking can be seen. The use of systemic chemotherapy and 
external radiation appear to be of little benefit in HCC. 
Chemotherapy directed to the tumor by intra-arterial infusion of 
targeting with Lipiodol (Therapex, Canada) may be more helpful. 
{From Di Bisceglie [18]; with permission.) 
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Oiolangiocarcinoma 



Figure 13 - 28 . 



Peripheral type 

Usually not associated with 
cirrhosis 
May be mixed 
cholangiocarcinoma, 
hepatocellular carcinoma 
Resection possible if 
localized, low cure rate 
Often presents with 
abdominal pain and weight 
loss 




Central type 



Klatskin's tumor arises in 
bifurcation of common 
hepatic duct 
Associated with chronic 
inflamation of bile duct 
Resection technically difficult 
Often presents with 
obstructive jaundice 



A comparison of the features of central and 
peripheral type of cholangiocarcinoma 
[28-31]. It is the next most common form 
of hepatic malignancy after hepatocellular 
carcinoma and does not usually occur 
against a background of cirrhosis but, 
rather, in patients who have long-standing 
inflammation and injury to the biliary 
system. Predisposing factors include scle- 
rosing cholangitis [32], intrahepatic 
calculi, congenital anomalies such as 
Caroli s disease, and infestation with the 
liver fluke Clonorchis sinensis. 

Clinical and presenting features of 
cholangiocarcinoma vary, depending on the 
location of the tumor. Thus, tumors that are 
located within the periphery of the liver 
(peripheral type) often grow to quite large 
dimensions before presenting with symptoms 
such as pain and weight loss. However, tumors 
that originate within the larger bile ducts 
(central type) often result in biliary obstmc- 
tion and jaundice at a much earlier stage. 




Figure 1 3 - 29 . 



Endoscopic retrograde cholangiopancreatography (ERCP) scan 
from a patient with long-standing primary sclerosing cholangitis 
(PSC) and cholangiocarcinoma. Note the convex upwards obstmc- 
tion at the lower end of the common bile duct and the changes of 
PSC in the peripheral branches of the biliary tree. Such tumors 
may be very difficult to detect. Their presence may be signaled by 
sudden worsening in jaundice in a patient with PSC or may be 
found incidentally at the time of diagnostic ERCP or liver trans- 
plantation for PSC. 



Figure 13 - 30 . 



Computed tomographic scan of liver of peripheral type cholangio- 
carcinoma. Note the large hypodense mass occupying most of the 
right lobe of the liver. 
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Figure 13 - 31 . 



The spectrum of tumors occurring in the liver in children is 
significantly different from those in adults [33]. Whereas hepato- 
cellular carcinoma has been reported to occur in children as young 
as 2 years, its incidence rises from the age of 4. Hepatoblastoma 
rarely occurs in children over 3 years of age and certain other 
primary hepatic tumors are confined to the pediatric years. 



I DIAGNOSTIC APPROACH TO LIVER MASSES OR TUMORS 




Figure 1 3 - 32 . 



Algorithm for evaluation of patients found 
to have a mass in noncirrhotic liver. The 
most likely etiology varies depending on 
whether the masses are found incidentally 
or if the patient presents with some symp- 
toms referable to the liver. Thus cysts of the 
liver and hemangiomata are often found 
incidentally at the time of imaging studies 
for some other purpose, whereas patients 
with right upper quadrant pain or discom- 
fort are more likely to have hepatic metas- 
tases, hepatocellular adenoma, or some 
unusual primary malignancy of the liver 
such as fibrolamellar hepatocellular carci- 
noma, angiosarcoma, or epithelioid 
hemangioendothelioma. MRI — magnetic 
resonance imaging. 
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Figure 13 - 33 * 




An algorithm for evaluating masses in patients known to have 
cirrhosis where the possibility of hepatocellular carcinoma (HCC) 
is very much higher. The approach involves confirming the pres- 
ence of the mass by using at least two imaging modalities which 
gives some idea of the extent of the tumor and also some prelimi- 
nary idea of whether it is resectable or not. Definitive therapy 
usually requires a biopsy of the lesion — this may be done under 
direction by ultrasound or computed tomography (CT) or at the 
time of exploratory surgery. MRl — magnetic resonance imaging. 
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Liver Transplantation 



Liver transplantation is definitive therapy for acute and chronic 
liver failure. Patient 1-year survival rates following orthotopic 
liver transplantation (OLT) are now 80% to 90% [ 1 ]. According 
to the United Network for Organ Sharing (LINOS), there are 
currently more than 17,000 patients on the national waiting list 
for OLT, but in 2001 only 4989 liver transplants were performed 
[21. I’his large disparity between the number of available cadaver 
donor organs and qualified recipients awaiting OLT has created 
ongoing debate regarding selection criteria, timing of OLT, and 
attempts to expand the donor pool as mortality for patients 
awaiting OLT rises. New strategies being explored to increase 
equitable access to liver transplantation include splitting cadav- 
eric donor organs and the use of living donors. The adoption of 
the Model for End-Stage Liver Disease (MELD) scoring system is 
an effort to create an equitable allocation system for a finite 
cadaveric donor organ supply. 

Although OLT is indicated for most causes of acute or 
chronic liver disease, cirrhosis accounts for more than 80% of 
transplants performed in adults. Hepatitis C and alcohol abuse 
are the two most common diagnoses in OLT recipients in the 
United States [2|. There are relatively few absolute contraindi- 
cations to OLT. Typically, a selection committee composed of 
hepatologists, transplantation surgeons, psychiatrists, and 
social workers determines the overall suitability of individual 
transplant candidates. A few centers are now offering OLT to 
HIV-infected individuals with decompensated cirrhosis, in the 
absence of AIDS. 

One of the key issues in liver transplantation involves appro- 
priate selection of candidates and timing of listing for trans- 
piantation. For acute liver failure (ALF), the underlying cause is 
a key predictor of outcome in the absence of OLT [3|. Fatty liver 
of pregnancy, acetaminophen ingestion, and fulminant hepa- 
titis A have a better prospect for spontaneous recovery of the 
patient, whereas non-acetaminophen-related hepatotoxicity, 
fulminant Wilson disease, and fulminant hepatic failure of 
unclear etiology have a poor prognosis in the absence of OLT. 
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Although the major morbidity and mortality in chronic liver 
disease is related to complications of cirrhosis, the clinical 
course of a well-compensated cirrhotic may be stable for many 
years [4], Variceal hemorrhage, the onset of ascites, or hypoal- 
buminemia is an indicator of diminished long-term survival; 
thus, the patient with evidence of hepatic decompensation 
should be offered the option of referral for an opinion 
regarding further management, including OLT. In addition to 
referral for OLT evaluation, prevention and management of 
ascites, variceal hemorrhage, spontaneous bacterial peritonitis, 
and portal-systemic encephalopathy are increasingly impor- 
tant as transplantation waiting times increase. 

The United Network for Organ Sharing has recently 
endorsed the MELD scoring system for assigning donor organs 
for cirrhotic patients, with the exception of those with fulmi- 
nant liver failure. The MELD score was originally developed to 
assess the prognosis in patients with cirrhosis who were 
undergoing a transjugular intrahepatic portosystemic shunt 
(TIPS), but it has been validated for obtaining a reliable esti- 
mate of short-term survival in cirrhotic patients awaiting liver 
transplantation over a wide range of disease severity and 
causes [5]. One of the potential advantages of the MELD score 
over the Child-Pugh score is its use of only objective parame- 
ters, in contrast with the Child-Pugh score, which incorporates 
the presence of hepatic encephalopathy and ascites, two 
conditions prone to observer error. Controversy will probably 
persist regarding the MELD scoring system, as it allocates 
organs to sicker patients who may be more likely to have 
poorer post-transplantation outcomes. 

With improved long-term post-OLT survival, disease recur- 
rence has become more evident, with rejection a lesser risk to 
the hepatic allograft. In the early 1990s, hepatitis B recurrence 
occurred in more than 80% of recipients undergoing trans- 
plantation for hepatitis B virus (HBV), accounting for 73% of 
all deaths in those undergoing transplantation for this indica- 
tion [6]. Currently, effective antiviral prophylaxis with high- 
dose hepatitis B immunoglobulin (HBIG), combined with 



lamivudine, has virtually eliminated HBV recurrence [7]. A 
more frequent and worrisome problem now is recurrent hepa- 
titis C. It is virtually universal, with histologic injury observed 
in 50% to 80% of patients [8]. An accelerated course after 
transplantation has an impact on long-term graft and patient 
survival, and excessive immunosuppression appears to be 
deleterious in patients receiving a transplant for HCV. Other 
factors implicated in more severe HCV recurrence include high 
viral load at the time of transplantation and older donor age, 
but not HCV genotype. Recent studies with combination 
ribavirin and interferon and even more recent studies with 
pegylated interferon have shown that therapy may have a role 
in ameliorating recurrent HCV. The optimal timing and dura- 
tion of therapy in OLT recipients remains undefined. 

To maximize donor organ access for adult and pediatric 
recipients, novel surgical and liver replacement procedures 
have evolved, including split cadaveric liver and living donor 
transplantation. Liver replacement strategies, such as xeno- 
transplantation, hepatocyte transplantation, and bioartificial 
liver-support devices, are under study. 

In pediatric patients, living donor transplantation was 
initially performed with the use of an adult donor's left lateral 
segment. Access to living donor OLT had dramatically reduced 
mortality on the pediatric waiting list, with excellent recipient 
and graft survivals reported. The advantages of living donor 
transplantation include expansion of the donor pool, ability 
to assess graft quality prior to transplantation, and elective 
transplantation before significant debilitation of the potential 
recipient. The disadvantages are the greater surgical technical 
skill required and the risks to the donor of the morbidity and 
mortality related to a major abdominal surgery. An adult 
recipient requires a hepatic mass of approximately 0.8% of 
their body weight, which implies that the living donor's right 
hepatic lobe is required in order to provide adequate graft size. 

This chapter reviews the current status of liver transplantation, 
patient selection and allocation criteria, and management issues 
for the cirrhotic patient as well as the liver transplant recipient. 




History of liver transplantation. The first human kidney transplant 
in 1954 led the way for solid organ transplantation in the United 
States. The first attempted liver transplant was performed on a 3- 
year-old boy with biliary atresia by Starzl et al. in 1963, but it was 
not until 1967 that the first successful liver transplant was 
performed that achieved a 1-year survival. The introduction of 
cyclosporine to immunosuppression regimens improved survival 



rates to more than 50%, which led to the 1983 National Institutes 
of Health (NIH) consensus conference conclusion that liver trans- 
plantation was no longer experimental, but clinically applicable 
for all causes of liver failure. During the past two decades, improve- 
ments in organ preservation, surgical techniques, immunosuppres- 
sion regimens, and prophylaxis for opportunistic infections have 
led to survival rates approaching 90%. FDA-US Food and Dmg 
Administration; MELD-Model for End-Stage Liver Disease. 
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I INDICATIONS AND EVALUATION 





List for transplantation 



Figure 14 - 2 * 



Indications for liver transplantation: diagnosis of those on the 
waiting list. In 1980 the most common indications for orthotopic 
liver transplantation (OLT) were primary biliary cirrhosis (PBC) 
and primary sclerosing cholangitis (PSC). In 2003, hepatitis C was 
the most common diagnosis of candidates awaiting liver transplan- 
tation, followed by alcoholic liver disease (ALD) [2]. Over the next 
10 to 20 years, the number of patients diagnosed with hepatitis C 
is expected to increase by 4-fold [9]. ETOH — ethanol; 

FHF— fulminant hepatic failure; HCV — hepatitis C virus. 



Figure 14 - 3 * 



Indications and evaluation for liver transplantation. A major issue 
in the long-term management of cirrhosis is the appropriate timing 
of referral for evaluation for orthotopic liver transplantation (OFT). 
Although the major morbidity and mortality in chronic liver 
disease is related to complications of cirrhosis, the course of the 
well-compensated patient with cirrhosis can be stable for many 
years. However, once an index manifestation of decompensation 
has occurred (eg, variceal bleed, ascites), survival drops to 50% at 5 
years, suggesting that referral for OFT should be considered once a 
major complication has occurred [4]. The patient with any 
evidence of progression of cirrhosis should be offered the option 
of referral to a transplantation center for an opinion regarding 
further management including OLT. The process of liver transplan- 
tation evaluation includes medical and surgical assessment of risk 
and comorbidities, extensive laboratory and imaging studies, and 
determination of social support and compliance. Once deemed an 
acceptable candidate, the patient is then listed for transplantation. 
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Table 14-1* 



TABLE 14-1. 


ORGAN ALLOCATION IN LIVER 
TRANSPLANTATION: MODEL FOR 
END-STAGE LIVER DISEASE* 
SCORING SYSTEM 


MELD Score 


3-Month Mortalitv 
(Hospitalized Patients), % 


<9 


4 


10-19 


27 


20-29 


76 


30-39 


83 


>40 


100 


•MELD^ 3 . 8 *l 03 g(bilirubin[m 3 /dLj)-i- n. 2 'l 03 ^INR)+ 9 . 6 'l 03 ^creati- 
nin^ms/dL]) + 6.4*(etiology: 0 if cholestatic or alcohol, 1 otherwise). 



Organ allocation in liver transplantation: Model for End-Stage 
Liver Disease (MELD) scoring system. The previous organ alloca- 
tion system was based on the Child-Pugh score and waiting time. 
Patients were categorized into four groups based on acuity and 
severity of disease, including subjective criteria such as amount of 
ascites and degree of encephalopathy. Once assigned a status of 1, 
2A, 2B, or 3 based on the Child-Pugh score, accumulated waiting 
time was factored in to determine priority for orthotopic liver 
transplantation (OLT). In 1999, the US Department of Health and 
Human Services issued a directive that those in greatest need with 
substantial risk of short-term mortality should be offered the 
highest priority allocation, thus de-emphasizing waiting time. In 
2001, the MELD scoring system was established to predict short- 
term mortality in patients with advanced liver disease, and was 
adopted by the United Network for Organ Sharing (UNOS) for 
organ allocation in February 2002. The MELD uses a mathematical 
formula based on objective variables correlated to outcome and 
severity of liver disease: bilirubin, prothrombin time, and creati- 
nine concentration. MELD scores range from 6 to 40, yielding 34 
categories of severity. Although for the time being adoption of the 
MELD system has decreased mortality of those on the waiting list, 
still unclear is its long-term impact on posttransplantation 
outcomes. [Adapted from Kamath et al [5].) 



I MANAGEMENT 




Figure 14-4. 



Probability of survival in the compensated 
cirrhotic patient. A represents patients 
without decompensation; B represents 
those patients with clinical decompensa- 
tion. Even with chronic liver disease and 
cirrhosis, the long-term prognosis of a well- 
compensated cirrhotic patient is often 
excellent. This was evaluated by Fattovich et 
al [4] in a cohort of 384 patients with 
chronic hepatitis C. Five-year follow-up 
showed liver-related mortality to be only 
9%, and a large proportion of patients 
continued to do well for at least 10 years. 
However, once any form of clinical decom- 
pensation had occurred (ascites, 
encephalopathy, variceal bleeding), the 5- 
year probability of survival decreased from 
91% to 50%. Therefore, the optimal timing 
for referral for liver transplantation evalua- 
tion may be after clinical decompensation 
has occurred or estimated 1-year survival is 
90% or less. 
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Table 14 - 2 . 



TABLE 14-2. MANAGEMENT OF THE 

COMPENSATED CIRRHOTIC 



Management of the compensated cinrhotic. Saeening and prophylaxis 
measures are essential in addition to routine health maintenance. 



Screenins for hepatocellular carcinoma 
Screening endoscopy to detect varices 
Prophylaxis for bacterial peritonitis 

Vaccinations — hepatitis A, hepatitis B, influenza, pneumococcus 

Treat vitamin deficiencies 

Screening and treatment for osteoporosis 

Ascites management 

Diabetes screening and management 

Routine health maintenance 






Figure 14 - 5 . 



Number of liver transplants versus patients on the waiting list. A, 
According to the United Network for Organ Sharing (UNOS), over 
the past decade the number of people on the waiting list for liver 
transplantation has increased from 2217 in 1992 to 18,505 in 2001 
[2]. This has been accompanied by a proportional increase in the 
number of deaths that occurred while patients waited for liver 
transplantation, yet the number of cadaveric liver donors (B) has 
been static. The median time to transplantation in 1998, averaged 
for all blood types, was 770 days. This disparity between available 
cadaveric donors and eligible recipients has led to attempts to 
expand the available donor pool by the refining of surgical tech- 
niques such as split-liver transplantation and living donor trans- 
plantation (C). 

The first living donor liver transplantation was performed in 
1989 at the University of Chicago for a pediatric recipient from the 
mother, and the first successful adult living donor liver transplant 
was performed in 1998. The number of living donor liver trans- 
plantations done yearly continues to increase, with more than 500 
performed in 2001, with 1-year survival reported at more than 
85%. {Adapted from Brown etal [10].) 
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TABLE U-3. INDICATIONS FOR TRANSJUGULAR 
INTRAHEPATIC PORTOSYSTEMIC 
SHUNTS 


Indications 


Potential Complications 


Refractory variceal bleedins 


Hepatic decompensation 


Refractory ascites 


Worsened encephalopathy 


Hepatic hydrothorax 


Restenosis 


Hepatorenal syndrome 


Cardiopulmonary failure 


Budd-Chiari syndrome 


Hemobilia, intraperitonea I 
bleedins, fistula 



Figure 14 - 6 * 



Transjugular intrahepatic portosystemic shunt (TIPS; arrow). TIPS 
have been increasingly used for the management of complications 
related to portal hypertension. TIPS is most commonly used to 
control recurrent esophageal variceal hemorrhage that has failed 
pharmacologic and endoscopic therapy. Multiple randomized 
controlled trials evaluating TIPS, compared with endoscopic 
therapy, for the prevention of rebleeding have shown efficacy for 
TIPS; however, survival was unchanged. Ten percent of patients 
with ascites are refractory to standard medical therapy (defined as 
maximal dietary salt restriction and spironolactone 400 mg/d with 
furosemide 160 mg/d) or intolerant to diuretic use because of 
renal insufficiency or other complications. In this setting, thera- 
peutic options include repeated large-volume paracentesis or TIPS, 
which has shown better control of ascites, but the overall impact 
on survival is unclear. Other potential indications for TIPS include 
refractory hydrothorax, hepatorenal syndrome, severe portal hyper- 
tensive bleeding, and Budd-Chiari syndrome. [Courtesy o/ Stephen 
A. Geller, MD, Cedars-Sinai Medical Center.) 



Table 14 - 3 . 



Indications for transjugular intrahepatic portosytemic shunt 
(TIPS). Although efficacious in a subset of patients with refractory 
variceal bleeding and refractory ascites, use of TIPS requires careful 
consideration because of the potential for severe complications. 
Mortality related to TIPS placement is approximately 1% to 2%, 
with a 10% complication rate. Hepatic perfusion is compromised 
by TIPS, and thus adequate hepatic reserve is essential in 
preventing hepatic decompensation after TIPS placement. 
Therefore, TIPS should be avoided in patients with Child's class C 
cirrhosis. One of the major complications of TIPS includes wors- 
ened portosystemic encephalopathy (13% to 44%), which usually 
responds to medical therapy with lactulose, but 10% of patients 
may require TIPS modification or occlusion for intractable 
encephalopathy. Long-term shunt dysfunction is common, owing 
to TIPS stenosis, and the complications of portal hypertension can 
occur when the portacaval pressure gradient is greater than 12 mm 
Hg. Surveillance of TIPS patency should be performed with venog- 
raphy or Doppler sonography, and re-intervention should be 
considered if stenosis occurs. 




Figure 14 - 7 * 



Causes of fulminant hepatic failure (FHF). This condition affects 
approximately 2000 people annually in the United States. Prior to 
the era of liver transplantation, ALF had a mortality of 80%, 
mainly owing to lethal cerebral edema. In 2002, the US Acute Liver 
Failure Study Croup reported that acetaminophen toxicity is now 
the leading cause of FHF. Short-term survival in this study was 
related to the cause of liver failure. Patients with acetaminophen 
toxicity, hepatitis A, shock liver, and pregnancy-related FHF had 
better non-liver transplantation-related outcomes than those with 
other causes. Aggressive management of cerebral edema, preven- 
tion and treatment of infection, and rapid referral to a transplanta- 
tion center are important in the pretransplantation management of 
the FHF patient. Currently being studied are bioartificial liver 
systems that use extracorporeal circuits with various cell types. 
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Figure 14 - 8 * 




Management of cerebral edema. Appropriate 
management of cerebral edema is essential to 
the outcome of patients with fulminant 
hepatic failure (FHF) who are awaiting liver 
transplantation. Patients whose neurologic 
examination shows any early signs of neuro- 
logic compromise should be quickly identi- 
fied, and intracranial pressure (ICP) moni- 
toring should be considered for diagnosis and 
monitoring of cerebral perfusion pressure 
(mean arterial pressure minus intraaanial 
pressure). Persistent cerebral perfusion pres- 
sure of less than 40 mm Hg with maximal 
medical therapy has an extremely poor prog- 
nosis and is a relative contraindication to liver 
transplantation. The major complication of 
ICP monitoring is intraaanial bleeding, which 
is less than 5% if an epidural, rather than 
intracerebral, transducer is placed [11]. CPP— 
cerebral perfusion pressure; IV — intravenous. 





A 



Figure 14 - 9 * 



Anatomic segments of the liver, living donor liver transplantation. A, 
Anterior view. B, Inferior view. living donor liver transplantation was 
initially performed for pediatric recipients using an adult donors left 
lateral segment. Access to living donor orthotopic liva transplantation 
(OLT) had a dramatic impact on reducing mortality on the pediatric 
waiting list with excellent recipient and graft survivals. Inaeasing numbers 
of living donor liver transplantations are performed every year for adult-to- 
adult liver transplantation because of the shortage of cadaveric donor 
organs available An adult requires a greater volume of the donor organ, 
making the left lataal portion inadequate as generally about 1% of 




recipient body weight is required in donor liver volume. Currently, right 
lobe (segments 5-8), extended right lobe (segments 4-8), or left 
hepatic (segments 2-4) portions are being used for adult living donor 
transplantations. Right lobe grafts are most commonly used, extended 
right lobe grafts are occasionally used to ensure adequate liver volume, 
and left lobe grafts can be used for individuals weighing less than 60 kg. 
A living donor is extensively evaluated for candidacy with a thorough 
history and physical examination, laboratory tests, viral serologies, HIV 
testing, imaging studies, pulmonary function tests, liver biopsy, cardiac 
testing, and psychosocial evaluation. {Adapted from Couinaud [12]; 
photographs courtesy o/Nicholas Nissen, Cedars-Sinai Medical Center.) 
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TABLE 14-4* ADVANTAGES AND DISADVANTAGES 
OF LIVING DONOR LIVER 
TRANSPLANTATION 



Advantages 

Increases donor pool 

Allows timely, elective 
transplantation 

Liver sraft quality assessed 
prior to OLT 

Decreased cold ischemia time 
Recipient receives optimal 
3raft 



Disadvantages 

Technically more difficult 

Morbidity and mortality to 
donor 

Unclear applicability to urgent 
recipient 



Advantages and disadvantages of living donor liver transplanta- 
tion. Donor morbidity is estimated at 10% to 20%, with major 
complications being biliary leaks, gastrointestinal complications, 
and vascular injury. Donor mortality is estimated at between 0.2% 
and 1% [13]. In particular, patients with small hepatocellular carci- 
nomas and those with primary sclerosing cholangitis (PSC) at risk 
for cholangiocarcinoma may benefit from prompt living donor 
transplantation. {Adapted from Ghobrial etal [14].) 



I COMPLICATIONS 




Biliary and vascular complications. Biliary complications develop 
in up to one third of patients after liver transplantation [15]. 
Anastomotic strictures at the choledochostomy are the most 
common. T-tubes are now used less commonly, but when used 
their removal may result in bile leaks causing abdominal pain and 
fever. These bile leaks are usually treated with an endoscopically 
placed nasobiliary drain or with stenting until the leak closes. 
Hepatic artery thrombosis (HAT) occurs in 7% of adults who 
undergo liver transplantation. Risk factors include difficult tech- 
nical arterial anastomosis, coagulation disorders, and 
cytomegalovirus (CMV) infection. When HAT is discovered early, 
revascularization attempts can be made with thrombectomy, 
surgical conduit, balloon angioplasty, thrombolytic therapy, or 
stenting. HAT that occurs later (>2 months) may present as biliary 
stenosis. Compromise of hepatic artery blood supply to the bile 
ducts can result in stricturing, cast formation from sludge, and 
hepatic abscesses. A, Hepatic artery with 
dissection and obliteration of lumen. White 
arrow indicates the nearly obliterated 
hepatic artery lumen. The black arrow indi- 
cates dissection of hepatic artery wall. 

B, Biliary strictures {white arrow) and cast 
inside common bile duct {black arrow). 

C, Cast removed from bile duct. {Part A 
courtesy o/ Stephen A. Geller; part B cour- 
tesy o/ Simon K. Lo, Cedars-Sinai 
Medical Center.) 









Figure 14-10. 
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The immunologic pathways leading to allograft rejection and where pharmacologic agents 
act to disrupt the process. Antigen-presenting cells present donor antigens to CD4+ and 
CD8+ T cells in association with major histocompatibility complex (MHC) class 11 and 1 



antigens, respectively. Activated CD4 cells 
stimulate a B-cell response. Activated CD8+ 
cells differentiate to cytotoxic T cells. Both 
CD4 and CD8 cells can then infiltrate and 
damage the graft. Steroids act early and 
nonspecifically at the level of interleukin 
(IL)-l induced stimulation of CD4 and 
CD8 cells. Cyclosporine and FK-506 
(tacrolimus) interfere with lL-2 production 
blocking the self-amplification from stimu- 
lated CD4 cells. Azathioprine and RS61443 
(mycophenolate mofetil) inhibit prolifera- 
tion or differentiation of T cells. Polyclonal 
and monoclonal antibody preparation-like 
antithymocyte globulin (ATG) and 
muromonob (OKT3) act on activated T 
cells to cause cell lysis or inactivation. 
Newer monoclonals directed specifically 
against lL-2, lL-2 receptor, and various cell- 
surface markers offer the hope for more 
specific prevention or treatment against 
rejection with less general immunosuppres- 
sion. ALG — antilymphocytic globulin; 
ICAM — intracellular adhesion molecule; 
LFA— lymphocyte function-associated 
antigen; PGE— prostaglandin E. [Adapted 
from Baumgardner and Roberts [16].) 



TABLE 14-5. TYPES OF REJECTION 




Hyperacute Rejection (RARE) 


Acute Rejection 


Chronic Rejection 


Time course 


Hours to days 


5-7 d post OLT, usual ly within first 90 d 


Weeks to years post OLT 


Histolosy 


Ischemic injury hepatocyte loss, 
vascular thrombosis 


Mixed portal infiltrate, bile duct 
infiltration and injury, portal and 
venous endophlebitis 


Lymphocytic infiltrate early, then bile 
duct paucity "vanish I ns bile 
duct syndrome" 


AST/ALT 


+++ 


+ 


± 


Bilirubin , 


+++ 


++ 


+ + + 


Alkaline phosphatase 


+++ 


++ 


+ + + 


Treatment 


Retransplantation 


Steroids, OKT3 


Tacrolimus, retransplantation 



Table 14-5* 



Types of rejection. Prior to the introduction of the first calcineurin 
inhibitor, cyclosporine, rejection was an unbeatable clinical 
problem and led to early graft failure. With improvement in 
immunosuppression regimens, rejection occurs much less 
frequently. Acute cellular rejection (AGR) is the most common 
type, occurring in two thirds of all cases of rejection. Risk factors 
for AGR include younger recipient age, older donor, autoimmune 



liver disease, subtherapeutic immunosuppression, and higher HLA- 
DR mismatching. AGR is treated with high-dose corticosteroids, 
which usually reverse rejection in 65% to 85% of cases. Ghronic 
ductopenic rejection occurs in 3% of cases of rejection and is 
usually insidious in onset and the majority require retransplanta- 
tion. ALT — alanine aminotransferase; AST — aspartate aminotrans- 
ferase; OLT — orthotopic liver transplantation. 
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TABLE 14-6. RECURRENT HEPATITIS C VERSUS REJECTION 


Histologic Features 


Recurrent HCV 


RejeaiON 


Time post OLT 


Anytime, usually within first year 


Usually within first 2 mo 


Portal inflammation 


Most cases 


Always 


Lymphocytes 


Bland, uniform 


Activated 


Assresates 


Usually 


Occasionally 


Follicles 


50% of cases 


Very rarely 


Eosinophils 


Inconspicuous 


Almost always 


Steatosis 


Often 


Never 


Acidophilic bodies 


Common 


Uncommon 


Duct damase 


Less common 


Conspicuous 


Atypical features 


Cholestasis, balloonins degeneration without 
significant inflammation, marked ductular 
proliferation mimicking obstruction, 
granulomata 


Prominent periportal and lobular 
necroinflammatory activity without 
subendothelial venular inflammation 



Table 14-6. 



Recurrent hepatitis C versus rejection. One of the difficult diag- 
nostic dilemmas in the patient undergoing transplantation for 
hepatitis C virus (HCV) is evaluation of recurrent HCV versus rejec- 
tion. Treatment of presumed rejection with high doses of pred- 
nisone or the use of OKT3 has been recognized to increase the 




severity of recurrent hepatitis C. It is therefore essential that in the 
evaluation of graft dysfonction after orthotopic liver transplanta- 
tion (OLT), liver biopsy with careful histologic evaluation be done 
in order to determine the optimal course of therapy. {Adapted from 
Rosen and Martin [17].) 



Figure 14-12. 



Estimates of patient survival according to recurrent hepatitis C 
status. Hepatitis C is the leading indication for adult liver trans- 
plantation in the United States, accounting for 35% to 45% of 
cases. After transplantation, hepatitis C recurrence is nearly 
universal, with histologic changes in 50% to 80% of patients [18]. 
Recent analysis of the United Network for Organ Sharing (UNOS) 
database showed diminished survival rates for hepatitis C virus 
(HCV)-positive patients compared with HCV-negative transplant 
recipients at 5 years (65.6% vs 56.7%) [19]. A report from King's 
College found that protocol biopsies done at 5 years after trans- 
plantation showed 20% of patients who had undergone transplan- 
tation for HCV already had evidence of allograft cirrhosis, indi- 
cating an accelerated course compared with immunocompetent 
hosts [15]. Recent studies using combination ribavirin and inter- 
feron or pegylated interferon show promise in managing recurrent 
HCV. Until more is known about the host and viral factors that 
may predispose transplantation patients to aggressive recurrent 
disease, the type of treatment and optimal duration of therapy 
remain undefined. [Adapted from Forman et al [20].) 
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Figure 14-13. 



Risk of recurrent hepatitis C virus (HCV). The natural history of 
recurrent hepatitis C is accelerated after transplantation, and 20% 
of patients may progress to cirrhosis within 5 years. It is esti- 



mated that at least 10% of patients undergoing transplantation 
for HCV will eventually require retransplantation for graft failure 
[21]. Thus, antiviral therapy to either treat or prevent recurrent 
HCV is an active area of investigation. One factor associated with 
poor survival is higher pretransplant HCV RNA titers (>1 X 10^ 
vEq/mL)[22j. Sheiner et al. [19] have reported results of an inter- 
feron (IFN) prophylaxis protocol starting at 2 weeks after trans- 
plantation. Patients were randomized for 6 months of treatment 
versus no treatment. They found that hepatitis in the graft was 
delayed, but 2-year follow-up outcomes were the same for both 
groups [19]. Combination therapy with pegylated IFN and 
ribavirin appears promising, and large randomized studies are 
currently underway. Tolerability of treatment is also an issue in 
the transplant recipient, who most likely already has some degree 
of renal insufficiency and anemia. Until more is known the 
about host and viral factors that may predispose transplantation 
patients to aggressive recurrent disease, the treatment and timing 
of the initiation of therapy remain undefined. {Adapted from 
Sheiner et al. [19].) 




Figure 14-14* 



Probability of recurrence of hepatitis B virus (HBV). In the 1980s 
transplantation for hepatitis B had a poor outcome due to recur- 
rent HBV seen in more than 80% of recipients. A, The intravenous 
(IV) administration of hepatitis B immunoglobulin (HBIG) 
reduced overall recurrence rates to 35% [23], {Adapted from Terrault 
etal. [24].) 



TABLE 14-7. USE OF LAMIVUDINE AND IV HEPATITIS B IMMUNOGLOBULIN TO REDUCE HBV 
RECURRENCE RATES 



Reference 


Year 


Patients, n 


Prophylaxis Post-OLT 


Follow-up, mo 


Recurrent HBV, % 


Yao etal. 


1999 


10 


IV HBIG + LAM 


16 


10 


Yoshida etal. 


1999 


6 


IM HBIG + LAM 


18 


0 


Ansus et df. 


2000 


32 


IM HBIG + LAM 


18 


3 


Han ef al. 


2000 


58 


IV HBIG + LAM 


15 


0 


Marzano etal. 


2001 


26 


IV HBIG + LAM 


30 


4 


Rosenau etal. 


2001 


19 


IV HBIG + LAM 


20 


11 


Seehofer etaL 


2001 


17 


IV HBIG + LAM 


25 


18 



Table 14-7. 



Use of lamivudine and intravenous (IV) hepatitis B virus (HBV) 
immunoglobin (HBIG) to reduce HBV recurrence Rates. 
Lamivudine (LAM), a nucleoside analogue with potent activity 
against HBV DNA synthesis, when combined with HBIG has 



improved outcomes further, with recurrence rates ranging from 0% to 
18%. Different routes of HBIG administration, eventual withdrawal 
of HBIG, the role of other nucleoside analogues, and cost efficacy of 
different regimens are areas of current research. IM— intramuscular. 
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TABLE 14-8. LONG-TERM MEDICAL MANAGEMENT OF THE TRANSPLANT RECIPIENT 



Causes 



Treatment 



Obesity 



Hyperlipidemia 

Diabetes 

Hypertension 

Bone disease 

Malignancy 



Tacrolimus, cyclosporine, corticosteroids, increased 
caloric intake, concomitant diabetes, 
reduced activity 

Cyclosporine, rapamycin, obesity 

Cyclosporine, tacrolimus, corticosteroids 

Cyclosporine, tacrolimus, corticosteroids 

Pre-existing disease with PBC/PSC, corticosteroids, 

bedrest, malnutrition, tacrolimus, cyclosporine 

Squamous cell carcinoma, colon cancer 



Diet, exercise, steroid taper, control of diabetes; avoid metformin 

Diet, exercise, HMG-CoA reductase inhibitors 
Steroid tapering, diet, exercise, standard medical management 
Sodium restriction, weight loss, steroid taper, calcium channel 
blockers are first-line therapy 
Calcium supplementation, bisphosphonates, vitamin D 

Avoid sun exposure, annual skin examination, sunscreen; colon 
cancer screening appropriate for history and age 



Table 14 - 8 * 



Long-term management of the transplant recipient. As long-term 
survival of the transplant recipient has improved, other health 
issues have become more important. Along with the transplanta- 
tion team, primary care physicians need to manage common issues 
such as weight gain and obesity, hyperlipidemia, hypertension, 
diabetes, osteoporosis, and nonhepatic malignancy. Most of these 
conditions are related to the side effects of the immunosuppres- 
sion medications and corticosteroids. The most common malig- 
nancy after liver transplantation is squamous cell carcinoma. 
Routine health maintenance with age-appropriate cancer-screening 



practices should apply to the transplant recipient. In patients with 
primary sclerosing cholangitis who undergo transplantation for 
ulcerative colitis, close colonoscopic surveillance should be 
performed every 6 months for the first 2 years, then annually there- 
after. Recipients beyond 6 months after orthotopic liver transplan- 
tation (OLT) should be vaccinated for influenza, pneumococcus, 
and tetanus. Live vaccines, such as measles, mumps, rubella, and 
live oral polio vaccine, should be avoided. PBC — primary biliary 
cirrhosis; PSC — primary sclerosing cholangitis. 





Figure 14 - 15 . 



Transplantation for hepatocellular carcinoma (HCC). The inci- 
dence of HCC in the United States continues to increase. Cirrhosis 
of any cause remains a risk factor for HCC, and as many as 40% of 
liver transplant recipients have incidental HCC in their explants 
[25]. Surgical resection and liver transplantation are the only 
potential cures, but even surgical resection has recurrence rates of 
up to 50% at 5 years. Once HCC is diagnosed, extrahepatic tumor 
or vascular invasion should be excluded by bone scan and CT scan- 
ning of the chest and abdomen, and a decision made about 
possible resection. The Child-Pugh score is the most widely 
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used system for assessing hepatocellular function, and generally 
patients with Child-Pugh class A cirrhosis have an acceptable hepatic 
reserve for attempted resection. The advantages of orthotopic liver 
transplantation (OLT) over partial hepatectomy are that it offers the 
potential for cure for both the tumor and the underlying disease and 
that it can be performed in decompensated cirrhotics. A and B, 
Mazzaferro etal [15] reported a 4-year survival of 85% with OLT in 
patients with a single HCC smaller than 5 cm or the presence of 
three or fewer tumors with a maximal diameter of 3 cm. 

{continued on next page) 
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Figure 14-15* (continued) 



Several other studies have shown that patients with small inci- 
dental tumors not detected before OLT also had excellent survival 
and low recurrence. Unfortunately, the long waiting times for OLT 
often result in tumor growth or metastases, eliminating the 
patient's eligibility. C, HOC after chemoembolization. Note that 
the edges may be residual tumor (arrow). Chemo-embolization, 
ethanol injection, or radiofrequency ablation may be attempted to 
prevent progression until OLT, although evidence of a survival 
advantage from any of these approaches is currently lacking. Living 
donor transplantation may provide more prompt access to trans- 
plantation and can also be performed in a more timely fashion, 
before tumor growth or metastases preclude transplantation. 
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Abdominal distension, in ascites, 231, 233 
Abscesses, 274 
amebic, 284 
pyogenic, 284-285 

Abstinence, in alcohol-induced liver disease, 213 
Acetaldehyde, in alcohol metabolism, 208 
Acetaminophen, alcohol and, 210 
liver injury induced by, 156, 173, 175, 308 
mechanisms of, 157 
toxicology testing for, 178 
treatment of, 172-173 
metabolic pathway of, 175 
Acetylation, in drug metabolism, 150 
N-Acetylcysteine, in acetaminophen-induced 
liver failure, 172, 175 
Acinar hepatitis, autoimmune, 47, 53, 55 
in hepatitis C, 55 

Actin antibodies, in autoimmune hepatitis, 62 
Acute cellular rejection, in liver transplanta- 
tion, 311 

Acute hepatitis B, 85-86, 94-99 
chronic versus, 93 
natural history of, 94 
pathogenesis of, 90-93 
progression to chronic from, 29, 86, 93 
serologic markers in, 95-97 
Acute liver failure, 171-187 
algorithm for approach to, 184 
causes of, 171, 173-177, 181, 308 
amyloidosis as, 187 
cancer as, 186 
in children, 184, 186 
diagnosis of, 171-172 
drugs as, 175-176, 185-186, 308 
heart disease as, 187 
hepatitis as, 174 
tuberculosis as, 186 
Wilson disease as, 177, 186 
in children, 184 
cirrhosis versus, 1 71 - 1 7 2 
epidemiology of, 173, 181 
hepatic encephalopathy in, 171, 179 
as hepatitis D sequela, 35 
histology of, 185-187 
laboratory tests in, 178 
onset of, 171 
pathophysiology of, 180 
physical findings in, 177, 179, 185 
prognosis of, 182 
renal parameters in, 180 
spontaneous recovery from, 172 
treatment of, 172 
fluid replacement in, 179 
liver transplantation in, 181-184, 303, 309 
Acute Physiology and Health Evaluation 
scoring, 183 

Acute viral hepatitis, 19-40. See also specific types 
hepatitis A as, 22-27 
hepatitis B as, 27-33, 85, 94-99 
hepatitis C as, 37-40 
hepatitis D as, 34-36 
histology of, 40 
incidence of, 20-21 
overview of agents of, 20-21 
Acute yellow atrophy, in acute liver failure, 185 
Adefovir, in hepatitis B treatment, 86 
chronic, 109, 112 
other agents versus, 109 
Adenomas, hepatocellular, 288 
Adenomatous hyperplasia, 289-290 



Adrenomedullin, in cirrhosis, 225 
Age, autoimmune hepatitis and, 49, 57, 60 
drug metabolism and, 154 
hepatitis A and, 23 
hepatitis C and, 39 

Alanine aminotransferase, in autoimmune 
hepatitis, 47 
in hepatitis B, 96-98 
treatment of, 107, 109-110 
in hepatitis C, 125, 128, 137 
Albumin, in ascites, fluid analysis in, 234 
infusion and paracentesis in, 238-239 
in autoimmune hepatitis, 50 
Alcohol. See also Alcohol-induced liver disease 
abuse of, clinical features of, 210 
criteria for, 205 

consumption of, ascites and, 246 
dose effect and, 206 
drug-induced liver disease and, 159 
gender and, 206 
in hepatitis B, 99, 107 
in hepatitis C, 124 
drug metabolism and, 209-210 
metabolism of, 208 

Alcohol ablation, in hepatocellular carcinoma, 297 
Alcoholic cirrhosis, 201, 211 
bilirubin in, 14 
diazepam clearance and, 153 
survival in, 214 

Alcoholic hepatitis, bilirubin in, 14 
clinical features of, 206 
liver biopsy in, 12 
management of, 212-213 
natural history of, 206 
Alcohol-induced liver disease, 205-215. See 
also specific disorders 
clinical findings in, 210-211 
epidemiology of, 205-207 
hepatitis C and, 207 
management of, 212-215 
nutritional, 214 

transplantation in, 215, 303, 305 
natural history of, 206 
pathophysiology of, 208-210 
in pregnancy, 10 
prognosis of, 212 
risk factors for, 206 
Aldosterone, in cirrhosis, 220, 228 
Alkaline phosphatase, in liver disease, 9 
Amebic hepatic abscesses, 274, 284-285 
Amiloride, in ascites, 235-236 
Aminoglycosides, in spontaneous bacterial 
peritonitis, 249 

Aminolevulinic acid, in heme biosynthetic 
pathway, 14 
in porphyria, 15-16 

Amiodarone, fatty acid oxidation and, 163 
liver injury induced by, 156, 161 
Ammonia, in hepatic encephalopathy, 268 
metabolism of, 268 

Ammonium tetrathiomolybdate, in Wilson 
disease, 204 

Amoxicillin-clavulanic acid, in spontaneous 
bacterial peritonitis, 249 
Amyloidosis, acute liver failure in, 187 
Anabolic steroids, in alcohol-induced liver 
disease, 212 

Anemia, hemolytic. See Hemolytic anemia 
Angiotensin 11, in cirrhosis, 228 
Antibiotics, in spontaneous bacterial 
peritonitis, 249, 251-252 
Antibodies, in autoimmune hepatitis, 47-50, 62 



type 1, 51 
type 2, 57, 60 
type 3, 61 

to hepatitis A virus, 24 
to hepatitis B virus, 92 
to hepatitis C virus, 37, 39, 125 
Antidiuretic factors, in cirrhosis, 228 
Antigens. See also specific antigens 
in autoimmune hepatitis, 52, 59, 64, 71 
hepatitis B, 27-30 
hepatitis D, 34 

human leukocyte. See Human leukocyte 
antigens 

Antimitochondrial antibodies, in autoim- 
mune hepatitis, 51 

Antinatriuretic factors, in cirrhosis, 228 
Antinuclear antibodies, in hepatitis, autoim- 
mune, 46-47, 51, 58, 60, 62 
chronic viral, 51 
cryptogenic chronic, 63 
Antioxidants, in alcohol-induced liver disease, 214 
Antiviral agents. See also specific agents 
in chronic hepatitis B, 104, 109-110, 112 
in fulminant hepatitis B, 174 
in hepatitis C, 118 
Apoptosis, in hepatitis B, 90 
Arginine vasopressin, in cirrhosis, 228 
Arteriography, of hepatocellular carcinoma, 296 
Arthropathy, in hereditary hemochromatosis, 
193-194 
Ascites, 219-246 
in autoimmune hepatitis, 72 
in Budd-Chiari S 3 mdrome, 276 
causes of, 234 

as cirrhosis complication, 21 9 
clinical features of, 231-232 
diagnosis of, 233-234 
fluid analysis in, 233-234 
in spontaneous bacterial peritonitis, 248 
pathophysiology of, 220-231 
afferent renal sodium retention mecha- 
nisms in, 220-227 

efferent renal sodium retention mecha- 
nisms in, 228-229 

peritoneal fluid retention faaors in, 229-230 
renal sodium retention stages in, 231 
prognosis of, 246 
refractory, defined, 236, 308 
treatment of, 236-246, 308 
treatment of, 234-246 
diuretics in, 235 
liver transplantation in, 246 
paracentesis in, 236-239 
peritoneovenous shunt in, 240 
refractory, 236-246 
sodium restriction in, 234 
trans jugular intrahepatic portosystemic 
shunt in, 240-245, 308 
Asialoglycoprotein receptor antibodies, in 
autoimmune hepatitis, 51, 58, 62 
Aspartate aminotransferase, in autoimmune 
hepatitis, 50, 72 
in hepatitis B, 98 

Aspirin, fatty acid metabolism and, 161 
Reye's syndrome induced by, 186 
Asterixis, in hepatic encephalopathy, 268 
Atrial natriuretic factor, in cirrhosis, 229, 231 
Autoantibodies, in autoimmune hepatitis, 44, 
51, 58, 60, 62 
type 1, 51 
type 2, 58 
type 3, 62 
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Autoantibody-negative chronic hepatitis, 63 
Autoimmune cholangitis, in autoimmune 
hepatitis, 77-78 
as outlier syndrome, 45 
Autoimmune hepatitis, 43-79 
autoantibodies in, 44 
bile duct injury in, 79 
cryptogenic chronic, 63 
diagnosis of, 43, 46-47 
etiology of, 43-44 
history of, 46 
pathogenesis of, 64-66 
prognostic factors in, 71 
serologic markers for, 48 
treatment of, 45, 67-68, 72 
results of, 68-70 
suboptimal responses to, 72-77 
variant, 77-79 

type 1, 49-56. See alsoType 1 autoimmune 
hepatitis 

type 2, 57-60. See also Type 2 autoimmune 
hepatitis 

type 3, 60-62. See also Type 3 autoimmune 
hepatitis 

variant forms and subtypes of, 45, 48-49 
Autoimmune polyendocrinopathy-candidi- 
asis-ectodermal dystrophy, 58 
Autoimmune thyroiditis, 50 
Auxiliary heterotopic liver transplantation, 

181, 183 

Azathioprine, in autoimmune hepatitis, 45, 
67-68, 73, 77 
dosage of, 72 

liver injury induced by, 164 
Azotemia, in hepatic encephalopathy, 269 
Aztreonam, in spontaneous bacterial 
peritonitis, 249 

a_ 

Bacterial peritonitis, secondary, 250 
spontaneous, 246-253. See also 

Spontaneous bacterial peritonitis 
B-cell lymphoma, hepatitis C and, 126 
Benign tumors, 288 
Benzodiazepines, metabolism of, 152 
in liver disease, 153-154 
Berquinar, in autoimmune hepatitis, 75 
Bile duct, in autoimmune hepatitis, 79 
flucloxacillin-induced injury to, 163 
Bile flow, bland cholestasis and, 162 
Bile pigments, bilirubin as component of, 1 
Bile salt export pump, bland cholestasis and, 162 
Biliary atresia, obstruction in, 9 
Biliary complications, of liver transplantation, 310 
Biliary cystadenomas, 274 
Biliary cysts, 274, 282-283 
classification of, 282 

Biliary obstruction, endoscopic retrograde 
cholangiopancreatography of, 11 
jaundice in, 9 
in pregnancy, 10 

Bilirubin. See also Hyperbilirubinemia 
in autoimmune hepatitis, 72 
conjugated, excretion of, 3 
formation of, 4 

in Crigler-Najjar syndrome, 6-8 
defined, 1 

in Dubin-Johnson syndrome, 13 
excretion of, 3 
in Gilbert s syndrome, 6-8 
hematomas and, 13 
in hepatitis B, 98 

Atlas of the Liver 



in hyperbilirubinemia, 5-9 
metabolism of, 1-4 
in Rotor's syndrome, 13 
serum measurement of, 4-5 
in autoimmune hepatitis, 50 
normal values in, 5 
prognostic value of, 14 
in spontaneous bacterial peritonitis, 250 
transfusions and, 13 
unconjugated, excretion of, 3 
measurement of, 4 
normal values in, 5 
structure of, 3 
in Wilson disease, 177 
Bilirubin diglucuronide, measurement of, 4 
in normal bile, 4 
Bilirubin IX, conjugation of, 4 
structure of, 3 

Bilimbin monoglucuronide, measurement of, 4 
Bilirubin-albumin covalent complex, measure- 
ment of, 4 

Biliverdin, formation of, 2 
Biotransformation, drug, 151 
Bland cholestasis, 162 
Bleeding, in acute liver failure, 172 
in spontaneous bacterial peritonitis, 251 
variceal, 256-267. See also Variceal 
hemorrhage 

j8-Blockers, in variceal hemorrhage, 
prophylaxis of, 259, 265 
treatment of, 266 

Blood gases, in acute liver failure, 178 
Blood transfusions. See Transfusions 
Body piercing, hepatitis C virus transmission 
from, 119 

Bone disease, after liver transplantation, 314 
Branched DNA assay, in hepatitis C detection, 124 
Breastfeeding, hepatitis C virus and, 119, 140 
Bridging necrosis, in autoimmune hepatitis, 52, 56 
Budd-Chiari syndrome, 273, 276-279 
ascites in, 234 
clinical features of, 276 
diagnosis of, 276-278 
treatment of, 278-279 
Budesonide, in autoimmune hepatitis, 75 

C 

Calcitonin gene-related peptide, in cirrhosis, 225 
Caloric reduction, in Gilbert's syndrome, 7 
Cancer, acute liver failure in, 186 
after liver transplantation, 314 
in autoimmune hepatitis, 70 
hepatitis B reactivated after chemotherapy 
for, 174 

liver. See also Hepatocellular carcinoma 
as hepatitis B sequela, 29, 102-103 
Carcinogenesis, nitrosamines in, 151 
Carcinoma, hepatocellular. See Hepatocellular 
carcinoma 

Cardiomyopathy, acute liver failure in, 187 
cirrhotic, 227 

Cataracts, in Wilson disease, 201 
Cavernous hemangiomas, 280 
Cefotaxime, in spontaneous bacterial peri- 
tonitis, 249 

Cefoxitin, in spontaneous bacterial peritonitis, 
249 

Cell-mediated c)^otoxicity, in autoimmune 
hepatitis, 64 

Cellular immunity, in hepatitis B, 90-91, 93 
Centers for Disease Control and Prevention, 
hepatitis statistics of, 20-21 



Cerebral edema, in acute liver failure, 

171-172, 179, 185, 308-309 
Ceruloplasmin, in acute liver failure, 178 
in Wilson disease, 203 
Chaparral, liver injury induced by, 165 
Chemotherapy, hepatitis B reactivated after, 174 
in hepatocellular carcinoma, 297 
Cherry red spots, in variceal hemorrhage, 257 
Child care, hepatitis A risk and, 23 
Child-Pugh scoring, 304, 306, 314 
Children, acute liver failure in, 184 
biliary cysts in, 283 
hepatitis C in, 140 
liver transplantation in, 304 
tumors in, 299 

Chimpanzee studies, of hepatitis C virus, 38 
Chlordiazepoxide, liver disease and, 153 
metabolism of, 151-152 
Cholangiocarcinoma, 298 
Cholangiography, in jaundiced patient, 9 
Cholangitis, autoimmune, 45 

in autoimmune hepatitis, 77-78 
primary sclerosing, 45, 50 
in autoimmune hepatitis, 77-78 
Cholestasis, in autoimmune hepatitis, 47 
biochemical patterns in, 9 
bland, 162 

hyperbilirubinemia from, 9 
mechanisms of, 162 

Cholestatic disorders, copper levels in, 203 
defined, 9 

drug-induced, 155, 162 
Cholestyramine, in hepatitis B, 99 
Chronic hepatitis. See also Chronic hepatitis B; 
Chronic hepatitis C 
autoantibody-negative, 63 
cryptogenic, 45, 49, 63 
differential diagnosis of, 100 
Chronic hepatitis B, 100-112 
acute hepatitis concurrent with, 103 
acute infection as trigger for, 29, 86 
acute versus, 93 
antibodies in, 51 

autoimmune hepatitis and, 44, 51 
differential diagnosis of, 100 
epidemiology of, 31, 85 
histology of, 101 
classification based on, 100 
natural history of, 29 
potential mechanisms promoting, 93 
sequelae of, 86, 100, 102 
hepatocellular carcinoma as, 102-103 
serologic markers for, 30 
treatment of, 104-112 
adefovirin, 109, 112 
agents in clinical trials of, 112 
efficacy endpoints in, 104 
interferons in, 105-109 
lamivudine in, 109-111 
objectives in, 104 

in problematic patient groups, 109 
of YMDD variants. 111 
Chronic hepatitis C, autoimmune hepatitis 
and, 44 

autoimmune hepatitis versus, type 1, 51, 53-55 
type 2, 57 
histology of, 53-55 
Chuen-lin, liver injury induced by, 165 
Chylous ascites, 234 
Ciprofloxacin, in spontaneous bacterial 
peritonitis, 251 

Cirrhosis, acute liver failure versus, 171-172 
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alcoholic, 206, 211. See also Alcoholic 
cirrhosis; Alcohol-induced liver 
disease 

in autoimmune hepatitis, 49, 53, 56 
corticosteroid treatment and, 69-70 
cardiomyopathy in, 227 
chlordiazepoxide clearance and, 153 
complications of, 219-253. See also Variceal 
hemorrhage 

ascites as, 219-246. See also Ascites 
bleeding varices as, 255-267 
hepatic encephalopathy as, 267-271. See 
also Hepatic encephalopathy 
liver transplantation and, 304 
spontaneous bacterial peritonitis as, 246-253 
diazepam clearance and, 153 
drug reactions in, 155 
focal nodular hyperplasia versus, 289 
in hepatitis B, 101-102 
as sequela of, 29 
treatment of, 107, 109 
in hepatitis C, 117, 128-130, 132-133 
effect of interferon and ribavirin on, 137 
in hereditary hemochromatosis, 189, 
193-194, 196, 198 
late-stage, 230 
liver masses in, 297 
management of, compensated, 307 
liver transplantation in, 303-305 
primary biliary, in autoimmune hepatitis, 77-78 
sodium retention in, hepatic dysfunction in, 226 
portal h)q)ertension in, 225-226 
posture-related, 220-223 
vasodilation in, 224-225 
survival in, 306 

in Wilson disease, 189, 201-202 
Cirrhotic cardiomyopathy, defined, 227 
Clevudine, 112 

Coagulation tests, in acute liver failure, 178 
Coagulopathy, in acute liver failure, 171, 184 
Cocaine, liver injury induced by, 159 
Colchicine, in alcohol-induced liver disease, 
212-213 

Coma, in acute liver failure, 177, 179 
Comfrey, liver injury induced by, 165 
Complete blood count, in acute liver failure, 178 
in alcohol-induced liver disease, 210 
Computed tomography, of abscess, 285 
in Budd-Chiari syndrome, 277 
in cerebral edema, 179 
in cholangiocarcinoma, 298 
of cystic lesions, 283-284, 291 
of hemangioma, 281 
of hepatocellular carcinoma, 295 
in hereditary hemochromatosis, 197 
in jaundiced patient, 9 
Conjugated bilirubin, excretion of, 3 
Conjugated hyperbilirubinemia, 9-13 
causes of, 9 
characteristics of, 5 
defined, 2 

patient evaluation in, 9 
Constitutive androstane receptor, 148 
Contact, hepatitis A risk and, 23 
Copper, in cholestatic disorders, 203 
in Wilson disease, 177, 189, 200-201, 203 
Corticosteroids, in alcohol-induced liver 
disease, 212 

in autoimmune hepatitis, 45, 64, 67-68, 
71-73, 77-78 

adverse responses to, 70, 77 
in drug-induced liver disease, 168 



in viral hepatitis, 74, 103 
Creatine clearance, after shunting in ascites, 243 
Crigler-Najjar syndrome, characteristics of, 6 
liver transplantation in, 8 
phenobarbital in, 8 
Critical illness, jaundice in, 12 
Cryoablation, in hepatocellular carcinoma, 297 
Cryoglubulinemia, hepatitis C and, 126-127 
Cryptogenic chronic hepatitis, 45, 63 
prevalence of, 49 

type 1 autoimmune hepatitis versus, 63 
Cutaneous lesions, in porphyria, 16-17 
Cyclosporine, in autoimmune hepatitis, 45, 75, 77 
Cystadenomas, biliary, 274 
hepatobiliary, 283 
Cysts, biliary, 274, 282-283 
hepatic, 273-274, 283-284, 291 
Cytochrome monooxygenase P450 11D6, in 
autoimmune hepatitis, 44, 59-60 
Cytochrome P450, in bilirubin formation, 2 
in drug metabolism, 147-152 
of acetaminophen, 175 
of halothane, 160 

Cytokines, in autoimmune hepatitis, 76 
in hepatitis B, 90-92 
Cytoprotective agents, in autoimmune 
hepatitis, 75 

Cytotoxic T lymphocytes, in hepatitis B, 90-91 

D 

Demoxepam, metabolism of, 152 
Depression, from interferon therapy, 136 
Diabetes mellitus, after liver transplantation, 314 
hepatitis C and, 126 
Diazepam, cirrhosis and, 153 
metabolism of, 152 

Diazo reaction, bilimbin measurement and, 1, 4 
Diet, in alcohol-induced liver disease, 212, 214 
in ascites, 234 
in hepatitis B, 99 

Dihydralazine, hepatitis induced by, 160 
Diuretic factors, in cirrhosis, 229 
Diuretics, in ascites, 235-237 
Donor strategies, in liver transplantation, 304 
Dmg-induced liver injury, acetaminophen-related, 
157, 172-176, 308 
acute liver failure as, 172-176 
amiodarone-related, 156 
antecedent liver injury and, 167 
azathioprine-related, 1 64 
cocaine-related, 159 
diagnosis of, 167 
fatty liver as, 161 
general features of, 156 
halothane-related, 160 
hepatic encephalopathy as, 269 
hepatocellular necrosis as, 157 
intercellular interactions in, 157 
isoniazid-related, 158-159 
management of, 168 
mechanisms of, 166 
pathogenesis of, 157 
perhexiline metabolism and, 163 
phospholipidosis as, 161 
possible herbal causes of, 165 
pyrrolizidine metabolism and, 166 
sinusoidal obstruction syndrome as, 1 64 
types of, 155 

Dmgs, 145-168. See also specific classes of agents 
autoimmune hepatitis induced by, 43 
hepatic metabolism of, 146-151 
alcohol and, 209 



biotransformation in, 151 
cytochrome P450 and, 149-150 
drug interactions and, 151 
electron fiow pathway in, 147 
genetic polymorphism and, 150 
hepatocytes in, 146 

microsomal drug-oxidizing system in, 147 
orphan nuclear receptors in, 148 
principal reactions in, 147 
toxicity of nonsteroidal anti-infiamma- 
tory drugs and, 149 
hepatitis risk from illicit, 23, 32 
intestinal first-pass clearance of, 152-155. 
See also Intestinal first-pass drug 
clearance 

jaundice related to, 12 
liver injury induced by, 155-168. See also 
Drug-induced liver injury 
Dubin-Johnson syndrome, 9, 13 

£ 

Echinococcal cysts, 274, 284 
Eclampsia, 10 

Edema, in acute liver failure, 177, 179, 185 
in ascites, 231-232 

Electron fiow pathway, in microsomal drug- 
oxidizing system, 147 
Emtricitabine, 112 

Encephalopathy, hepatic, 267-271. See also 
Hepatic encephalopathy 
Endoscopic ligation, in variceal hemorrhage, 
261, 265 

Endoscopic retrograde cholangiopancreatog- 
raphy, in biliary obstruction, 11 
in cholangiocarcinoma, 298 
Endoscopic sclerotherapy, in variceal 
hemorrhage, 261-262, 264-265 
Endotipsitis, after variceal hemorrhage 
shunting, 263 
Enfiurane hepatitis, 160 
Entecavir, 112 

Enzyme immunoassay, for hepatitis C virus 
detection, 118, 124 

Epstein-Barr virus, autoimmune hepatitis and, 
43-44 

Erythrocytes, in porphyria, 15 
Erythropoietic porphyria, 15-17 
Escherichia coli, in spontaneous bacterial 
peritonitis, 248, 252 
Esophageal varices, 256, 260 
Essential mixed cryoglubulinemia, hepatitis C 
and, 126-127 
Ethanol. See Alcohol 

Extracorporeal liver-assist devices, in acute 
liver failure, 181 

Eyes, in Wilson disease, 201-202 

F 

Famciclovir, 112 
Farnesoid X receptor, 148 
Fatty liver, drug-induced, 161 
of pregnancy, jaundice in, 10 
liver biopsy in, 10 
treatment of, 173 

Ferritin, in hereditary hemochromatosis, 195, 198 
a-Fetoprotein, in acute liver failure, 183 
in hepatocellular carcinoma, 296 
Fetor hepaticus, in acute liver failure, 177 
Fibrinogenesis, alcohol and, 209 
Fibrolamellar hepatocellular carcinoma, 297 
Fibrosis, in alcohol-induced liver disease, 206 
in Budd-Chiari syndrome, 278 
in hepatitis C, 128-132 
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Fibrosis, in alcohol-induced liver disease, continued 
effect of interferon and ribavirin on, 137 
Flank bulging, in ascites, 233 
Flaviviruses, hepatitis C virus as, 117 
Flucloxacillin, bile duct injury induced by, 163 
Fluid replacement, in acute liver failure, 179 
Focal nodular hyperplasia, 289 
Fulminant hepatic necrosis, in acute liver 
failure, 171 

Fulvine, liver injury induced by, 166 
Furosemide, in ascites, 235-236 

G 

Gallstones, biliary obstruction from, 9 
in pregnancy, 10 

endoscopic retrograde cholangiopancreatog- 
raphy of, 11 
ultrasonography of, 11 

Gamma globulin, in autoimmune hepatitis, 50, 52 
Gastric antral vascular ectasia, 266-267 
Gastric varices, 257-258 
Gastroesophageal varices, 257-258 
Gastropathy, portal, 266 
Gender, alcohol consumption and, 206 
in autoimmune hepatitis, 49, 57, 60 
Gene therapy, in autoimmune hepatitis, 76 
Genetics, of autoimmune hepatitis, 65-66 
of drug metabolism, 150 
of hereditary hemochromatosis, 189-192, 
195, 199-200 
of viruses, hepatitis A, 22 
hepatitis B, 27-28, 31, 87-88 
hepatitis B mutants, 29 
hepatitis G, 36-37 
hepatitis D, 34 
hepatitis E, 25 
of Wilson disease, 189, 200 
Germander, liver injury induced by, 165 
Gilbert's syndrome, 6-8 
Glomerulonephritis, hepatitis G and, 127 
Glucagon, in alcohol-induced liver disease, 212 
Glucuronic acid, in bilirubin metabolism, 2-4 
Glucuronidated nonsteroidal anti-inflamma- 
tory drugs, toxicity of, 149 
Glutamate, metabolism of, 268 
Glutathione, in alcohol metabolism, 209 
Gordolobo, liver injury induced by, 165 
Graft rejection, in liver transplantation, 311-312 
Grafting. See also Liver transplantation 
in acute liver failure, 181 
Granulomas, drug-induced, 155 

H 

Halothane, acute liver failure induced by, 171, 185 
hepatitis induced by, 160 
Health care workers, hepatitis B in, immuniza- 
tion against, 33 
risk of, 32, 94 

Heart, iron deposition in, 197 
Heart disease, acute liver failure in, 187 
ascites in, 234 
in cirrhosis, 227 
HELLP syndrome, 10 
Hemangioma, 273, 280-282 
cavernous, 280 
imaging of, 281-282, 292 
Hematocystic spots, in variceal hemorrhage, 257 
Hematomas, bilirubin load in, 13 
Heme, in bilirubin formation, 1-2 
Hemochromatosis, hereditary, 189-200. See 
also Hereditary hemochromatosis 
Hemoglobin, in bilirubin formation, 1-2 
Hemolysis, unconjugated hyperbilirubinemia 



from, 6 

in Wilson disease, 202-203 
Hemolytic anemia, after variceal hemorrhage 
shunting, 263 
from ribavirin, 136-137 
Hemorrhage. See Bleeding 
Hepadnaviridae, hepatitis B virus as, 85-86 
Hepatic artery, anatomy of, 274-275 
posttransplantation thrombosis of, 310 
Hepatic cavernous hemangiomas, 280 
Hepatic cysts, 283-284, 291 
hydatid, 284 

Hepatic disease See liver disease; specific disorders 
Hepatic encephalopathy, 267-271 
in acute liver failure, 171, 179, 183 
after shunting in ascites, 245 
ammonia in, 268 
asterixis in, 268 
in autoimmune hepatitis, 72 
chlordiazepoxide in liver disease and, 153 
lactulose and, 269 
mental status in, 267 
precipitating factors in, 269 
in spontaneous bacterial peritonitis, 247 
treatment of, 271 
metronidazole in, 269 
neomycin in, 269-270 
rifamixin in, 270 
sodium benzoate in, 270 
zinc supplements in, 270 
Hepatic sinusoidal bed, 229-230 
Hepatic tumors, 287-300. See also Tumors 
Hepatic veno-occlusive disease, 164, 279-280 
Hepatitis. See also specific types 
acetaminophen-induced, 156 
acute viral, 19-40. See also Acute viral hepa- 
titis; specific types 
alcoholic. See Alcoholic hepatitis 
autoantibody-negative chronic, 63 
autoimmune, 43-79. See also Autoimmune 
hepatitis 

chlordiazepoxide clearance and, 153 

cryptogenic chronic, 45, 49, 63 

halothane, 160 

interface, 52 

ischemic, 275 

lupoid, 46 

non-A, non-B, 117. See also Hepatitis G 
type 2 autoimmune hepatitis versus, 57 
Hepatitis A, 22-25 
as autoimmune hepatitis trigger, 66 
epidemiology of, 20, 22-24 
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Type 1 autoimmune hepatitis, 49-56 
autoantibodies in, 51 
chronic hepatitis C versus, 53 
classification of, 48 
clinical features of, 49 
concurrent immunologic diseases in, 50 
cryptogenic chronic hepatitis versus, 63 
histology of, 52-56 
laboratory findings in, 50 
prevalence of, 49 
prognosis of, 56 



serologic markers in, 51 
Type 2 autoimmune hepatitis, 57-60 
antibodies to liver-kidney microsome type 1 
in, 57, 60 
APECED and, 58 
chronic hepatitis C versus, 57 
classification of, 48 

clinical and serologic features of, 57-58 
cytochrome monooxygenase P450 IID6 in, 59-60 
human leukocyte antigens in, 59 
prevalence of, 49 

Type 3 autoimmune hepatitis, 60-62 
autoantibodies in, 62 
classification of, 48 

clinical and immunoserologic features of, 
60-61 

prevalence of, 49 

soluble liver antigen-panaeas antibodies in, 61 

U ^ 

UGT gene, in Gilbert s and Crigler-Najjar 
syndromes, 7 

Ulcerative colitis, in primary sclerosing 
cholangitis, 50 

Ultrasonography, of abscess, 284 
in ascites, 233 
shunting in, 241 

of extrahepatic biliary destruction, 11 
of hemangioma, 281 
of hepatocellular carcinoma, 295 
in jaundiced patient, 9 
Umbilical hernias, in ascites, 232 
Unconjugated bilirubin, excretion of, 3 
measurement of, 4 
normal values in, 5 
structure of, 3 

Unconjugated hyperbilirubinemia, 6-8 
characteristics of, 5 
in Crigler-Najjar syndrome, 6 
defined, 2 

in Gilbert s syndrome, 6 
hemolysis-induced, 6 
neonatal, 6 

United Kingdom, acute liver failure in, 173 
United Network for Organ Sharing, liver trans- 
plantation data of, 303, 307 
Uridine diphosphate glucuronyl transferase, in 
Crigler-Najjar syndrome, 6, 8 
structure of, 7 

Urinary sodium excretion, after shunting in 
ascites, 243 

Urine, in acute liver failure, 179 
in Wilson disease, 203 
Urine color, in hepatitis B, 98 
Urine tests, in porphyria, 15 
Urobilinogen, in bilirubin excretion, 3 
defined, 3 

Uroporphyrinogen decarboxylase, in 
porphyria cutanea tarda, 127 
Ursodeoxycholic acid, in autoimmune 
hepatitis, 75, 78 

Y 

Vaccines, against hepatitis A, 24-25 
against hepatitis B, 33 
Valerian, liver injury induced by, 165 
van den Bergh reaction, in bilirubin 
measurement, 4 
Variceal hemorrhage, 255-267 
classification of, 258 
imaging of, 257-258 
natural history of, 256 
prevention of recurrent, 265 



prophylaxis of, 259 
risk factors in, 257-258 
treatment of, 260-264 
of active bleeding, 264 
drugs in, 260-261, 266 
of gastric antral vascular ectasia, 266-267 
ligation in, 261 
options in, 260, 266 
sclerotherapy in, 262, 264 
shunts in, 262-264, 266 
Vascular anatomy, 274-275 
Vascular complications, of liver transplanta- 
tion, 310 

Vascular liver diseases, 273, 275-282 
Budd-Ghiari syndrome as, 276-279 
hemangioma as, 280-282 
ischemic hepatitis as, 275 
veno-occlusive, 279-280 
Vasculitis, hepatitis G and, 127 
Vasodilation, in sodium retention in cirrhosis, 
224-225 

Vasopressin, in variceal hemorrhage, 260 
Venography, in Budd-Ghiari syndrome, 277 
Veno-occlusive liver disease, 164, 279-280 
Viral hepatitis, acute liver failure in, 172-173 
chlordiazepoxide clearance and, 153 
corticosteroids in, 74 
in pregnancy, 10 

Virologic testing, in acute liver failure, 178 
for hepatitis G virus, 118, 124-126 
Viruses, hepatitis. See also specific hepatitis 
viruses 

autoimmune hepatitis induced by, 43 
overview of, 20-21 

W 

Watson Schwartz test, in porphyria, 15 
White nipple sign, in variceal hemorrhage, 257 
Wild-type hepatitis B virus, 88 
Wilson disease, 189, 200-204 
acute liver failure in, 173, 177, 181, 186 
clinical features of, 201-202 
diagnosis of, 202-203 
genetics of, 189, 200 
history of, 200 
incidence of, 189 
pathophysiology of, 201 
treatment of, 204 

World Health Organization, on hepatitis G 
virus prevalence, 118 

X 

Xenobiotics, hepatic exposure to, 145 

Y 

YMDD variants, of hepatitis B, 111 

Z 

Zinc supplements, in hepatic encephalopathy, 270 
in Wilson disease, 204 
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